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Cet enfant a de l'eau dans le tete, dit le vulgaire : cet enfant 
est hydrocephale, dit gravement le medecin, repetant litterale- 
ment par un mot grec ce que dit 1' ignorant dans sa propre 
langue. Mais quelle est cette eau? d'ou vient-elle? Voila 
ce dont les medecins auraient du s'occuper. 

Magendie. 
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PREFACE 

The object of this book is to present some of the fascinating 
physiological problems connected with the cerebrospinal fluid, 
and to show how they are related to the pathological problems 
which more directly concern the clinician. Not until the 
method of production and absorption of the fluid is completely 
understood can there be any hope of solving the age-long prob- 
lem of the treatment of hydrocephalus; not until the details 
of the circulation of the fluid have been mastered, can intra- 
spinal injections of drugs and sera be expected to fulfill the 
hopes of the therapeutist. 

Any means which will facilitate the difficult diagnosis of dis- 
eases of the central nervous system is of value, and the 
cerebrospinal fluid, which bathes its deepest recesses and washes 
the very nerve cells and fibers themselves, is in truth a mirror 
which reflects every change taking place in that system. 
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PART I 
GENERAL 



PHYSIOLOGY AND PATHOLOGY OF 
THE CEREBROSPINAL FLUID 

CHAPTER I 
INTRODUCTORY 

The fluids of the body have aroused interest and specula- 
tion from times immemorial. Observations on the blood and 
the urine are to be found in the earliest medical works, and 
the speculations as to their function and composition would 
fill a library of volumes. Although it was hardly to be ex- 
pected that the same amount of interest should have been 
aroused by the cerebrospinal fluid, yet reference to the con- 
tents of the cerebral ventricles is made by many of the earliest 
writers. Galen, Vesalius, and Valsalva all note its presence, 
and it would have been remarkable if the existence of a 
watery fluid in the interior of the skull should have escaped 
such an accomplished observer as Aristotle. Cotugno in 
1762 and Haller in 1766 both described the existence of a clear 
limpid fluid not only in the ventricles of the brain, but also 
in the space between the membranes and the convolutions. 

Our modern interest in the fluid dates from the masterlv 
observations and equally masterly description of Magendie in 
1825. It was he who first realized the intimate connection 
between the fluid in the ventricles and that in the subarchnoid 
space, and also the physiological possibilities of a fluid which 
comes into such close relation with the central nervous system. 
His description of the distribution of the fluid, and of the ef- 
fects of varying intracranial pressure is of sufficient interest 
to bear quotation: 

Entre la pie-mere et Tarachnoide se touve un liquide que 
je propose d'appeler cerebro-spinale ; il existe chez Thomme et 
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4 PHYSIOLOGY AND PATHOLOGY OF THE CEREBROSPINAL FLUID 

chez tous mammiferes. II sert a combler le vide qui existerait 
entre le cerveau et le crane osseux ; il se regenere avec rapidite, 
peut circuler a travers les ventricules cerebraux et les espaces 
sous-arachnoidiens du cerveau et de la moelle. Au moment 
de Texpiration le cerveau se gonfle; le liquide cerebro-spinale 
passe du crane dans le canal vertebral. Quand on augumente 
la pression du liquide, on produitdes phenomenes de paralysie 
et, d'autre part, quand par une ouverture on provoque Tissu 
de ce liquide, le cerveau et la moelle n'etant proteges, il survient 
une debilite et une faiblesse generate de l'animal. 

In 1 89 1 Quincke introduced the operation of lumbar punc- 
ture in the living subject, and an enormous impetus was at 
once given to the study of the fluid in various pathological 
conditions. Lumbar puncture was originally introduced for 
therapeutic purposes, as a means of lowering an abnormally 
high introcranial pressure. Soon, however, the diagnostic 
possibilities came to overshadow those of therapeutics, and the 
French school, led by Widal, Sicard, and Ravaut, showed in 
1 90 1 that very important and characteristic changes occurred 
in the cytology of the fluid in certain nervous diseases, notably 
those associated with syphilis. Constant changes in the fluid 
were also found in conditions of acute meningitis. 

It was soon realized that just as an examination of the 
blood can afford valuable information regarding pathological 
changes in the tissues through which it circulates, so the mor- 
bid conditions affecting the central nervous system are in 
many cases reflected with a remarkable degree of accuracy by 
the ambient fluid which bathes its remotest recesses and re- 
ceives the products of its metabolism. As the original some- 
what coarse technique becomes more and more . refined the 
diagnostic possibilities of spinal fluid examination become ever 
greater, and if such tests as the Wassermann and the colloidal 
gold are only the forerunners of a host of others, there is 
reason to hope that characteristic changes will ultimately be 
found in the great majority of nervous and mental diseases. 

Already it has been established that indications of diag- 
nostic importance may be afforded by the spinal fluid in other 
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conditions than nervous affections. It will be seen later that 
in such general diseases as diabetes and uraemia there are 
important changes in the fluid. Even in the very early stages 
of syphilis before there are any clinical indications of involve- 
ment of the nervous system the spinal fluid may present a 
characteristic picture. In trichiniasis it is often invaded by 
the trichina spiralis before any somatic symptoms of the dis- 
ease have made their appearance. Sleeping sickness is an 
example of a disease in which the final diagnosis depends on 
the demonstration of the parasite in the cerebrospinal fluid. 

Great as have been the diagnostic advances in this sphere, 
the therapeutic possibilities are now beginning to attract even 
greater attention. The simple drainage of the subarachnoid 
space and the ventricles by lumbar puncture has proved of 
great value in a multitude of conditions, and the possibilities 
of the intradural injection of sera and drugs by the spinal 
and cerebral routes are just beginning to be realized. 
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CHAPTER II 

ANATOMICAL CONSIDERATIONS 

The cerebrospinal fluid occupies the ventricles of the brain, 
the subarachnoid space, and the central canal of the cord. 
Is the fluid in these three regions continuous? Is it affected 
in composition by the different tissues with which it finds itself 
in contact? How does it originate, and what is its destina- 
tion? These questions cannot be answered without a consid- 
eration of the anatomical relationships of the cavities which 
contain the fluid, and of the histological constitution of the 
structures with which these cavities are lined, and over which 
the fluid has to pass. 

THE SUBARACHNOID SPACE 

The brain is covered by three membranes, the dura mater, 
the arachnoid mater, and the pia mater, and between these 
three membranes there are two cavities, the subdural cavity 
between the dura and arachnoid, the subarachnoid between 
the arachnoid and pia. The dura mater is a thick, tough, 
dense membrane of fibrous tissue consisting of two layers; 
an outer adherent to the wall of the cranial cavity and acting 
as a periosteum for that wall, and an inner covered by a 
sheet of endothelium. The two layers separate in places to 
enclose the venous sinuses of the skull. 

The subdural space is bounded externally by the inner layer 

of dura mater, internally by the arachnoid, and both walls are 

covered by endothelium. The cavity is more potential than 

real, and contains a minute quantity of a lymph-like fluid. 

There is no communication of any kind between the subdural 

and the subarachnoid space. Colored fluids injected into 

the subdural space do not appear in the subarachnoid space, 

and in haemorrhage into the subdural space the blood does 
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ANATOMICAL CONSIDERATIONS 7 

not make its way into the subarachnoid space. The barrier 
appears to be complete and impenetrable. 

When the skull cap is removed a number of small, rough, 
tuft-like bodies will be observed gathered in clusters along the 
line of the superior longitudinal sinus. These are the Pacchi- 
onian bodies. They consist of invaginations of the arachnoid 
carrying the dura in front of them, and are composed of 
spongy tissue continuous with the spongy areolar tissue which 
occupies the subarachnoid space. They are thus really ex- 
tensions of the subarachnoid space. They project for the 
most part into the superior longitudinal sinus. Various func- 
tions have been attributed to the Pacchionian bodies. It has 
often been suggested that they represent the portal through 
which the cerebrospinal fluid passes from the subarachnoid 
space into the blood. It is certain, however, that any function 
of this nature which they may possess is shared by other 
structures, for they do not make their appearance till the 
third year, and are not present in any number until after 
the age of ten. Moreover they are not found in the lower 
animals. They increase considerably in number in old age. 

The arachnoid mater is a thin non-vascular membrane, 
both sides of which are covered by a layer of endothelium. 
It forms the impermeable partition between the subdural and 
subarachnoid spaces. It clothes the brain much in the same 
way that a mantle clothes the body, that is to say it does not 
adapt itself closely to the folds of the convolutions, nor does 
it dip down into the fissures. 

The pia mater is a delicate, highly . vascular membrane, 
which is traversed by great numbers of blood vessels on their 
way to and from the brain. In spite of its. great vascularity, 
however, it contains no capillaries, and in consequence it takes 
no part in the absorption of the fluid. Its relation to the 
brain is very different to that of the arachnoid mater. It may 
be compared to a closely fitting glove which adapts itself to 
every fold and fissure of the organ. The result of this dif- 
ference in the two membranes is that the space which inter- 
venes between them, the subarachnoid space, although in 
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many places very narrow, in others is of considerable depth. 
The places where the increase in depth becomes marked are 
named cisterns, and are three in number. (Fig. i.) 

The cisterna magna lies between the posterior surface of the 
medulla and the cerebellum, and is formed by a continuation 
upwards of the posterior part of the subarachnoid space of 
the spinal canal. It communicates directly with the fourth 
ventricle, for into it open the various foramina situated in 
the membranous roof of that ventricle. The arachnoid, in- 
stead of being closely reflected over the surface of the medulla 
and cerebellum, bridges across the interval between these struc- 
tures, with the result that in this region the subarachnoid 
space develops into a veritable cistern. 

The cisterna pontis, a prolongation of the anterior part of 
the spinal subarachnoid space, lies in front of the medulla, 
and is continuous round it with the cisterna magna. Thus 
this delicate part of the brain, containing as it does so many 
vital centers, is protected in a most efficient manner by a 
regular water cushion. 

The cisterna basalis is formed by the arachnoid stretching 
across between the two temporal poles, is of large size, and 
comes into intimate relationship with the very important in- 
terpeduncular space, where many of the inflammatory condi- 
tions of the meninges show their most intense manifestations. 

The cerebrospinal fluid within the cranial cavity may there- 
fore be regarded as an expanse of water with rivers, rivulets, 
and a few deep lakes. This analogy must not, however, give 
rise to the conception of a mass of fluid in a motionless and 
stagnant state. There can be no doubt, from evidence which 
will be considered later, that the fluid is in a constant condi- 
tion of motion and change. 

It must not be imagined that the subarachnoid space is 
empty save for the fluid which it contains. Between the 
arachnoid and pia pass innumerable fine septa which sub- 
divide the space into countless loculi all communicating freely 
with one another. These partitions are clothed by the en- 
dothelium which lines the opposed surfaces of the pia and 
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arachnoid. The result is that the subarachnoid space is filled 
with a spongy tissue of the nature of areolar tissue, which is 
continuous with the spongy tissues already described as form- 
ing the chief part of the Pacchionian bodies. 



THE ARACHNOID VILLI 

The following account is largely taken from the very full 
and excellent description of these structures given in Weed's 
monograph. In the neighborhood of the great sinuses, es- 
pecially the superior longitudinal sinus, finger-like projections 
of the arachnoid may be seen to penetrate into the lumen of 
the sinus, passing through the dura in order to accomplish 
this. These projections are too small to be seen by the 
naked eye. If the skull cap be removed in the manner usual 
at an autopsy they will be completely destroyed. In order 
to demonstrate them the brain must be hardened in situ, and 
the cranial vault removed piece by piece with the greatest 
care. 

The villus is seen in most characteristic form at the point 
where a cerebral vein enters the sinus. The vein carries a 
sleeve-like prolongation of the arachnoid with it, the vein 
itself forming the core of the villus. At its commencement 
the villus presents a fine web-like tissue of interlacing strands 
similar to the spongy tissue already described as occurring in 
the subarachnoid space. There is, of course, an external 
covering of endothelial cells. Although the most character- 
istic structure is seen at the point of entry of a vein, it is by 
no means necessary for a villus to contain a vein. Indeed 
very large numbers of villi are apparently not in relation to 
any vein. As the villus approaches the sinus its central struc- 
ture becomes denser, the loose network disappears and its 
place is taken by a myxomatous material. At the same time 
in certain localities other than the superior sinus, notably in 
the region of the cavernous sinus, the endothelial covering 
becomes thickened, the cells no longer form a single layer, 
and may be piled upon one another. The dura mater gives 
way before the encroaching villus, which finally finds itself 
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projecting freely into the sinus, in very much the same way 
that the chorionic villi project into the blood sinuses of the 
pregnant uterus. 

What, then, is the relationship between the arachnoid villus 
and the Pacchionian granulation? Weed is of opinion that 
the granulation is merely a hypertrophic villus, thus becom- 
ing visible to the naked eye, and he regards the change as a 
pathological one, associated with the increasing age of the 
individual. It will be remembered that the Pacchionian 
bodies are found neither in children nor in the lower animals. 
The arachnoid villi, on the other hand, are met with at all 
ages, and in all the animals investigated, namely the cat, the 
dog, and the monkey. The arachnoid villus may, then, be 
regarded as an extension of the subarachnoid space into the 
cerebral sinuses. There are naturally no spinal arachnoid 
villi, as there are no blood sinuses, in the spinal canal. 

The arachnoid villi are not the only examples of prolonga- 
tions of the subarachnoid space. As the cerebral arteries 
pass into the brain substance they carry with them a fine 
sleeve-like sheath which accompanies the vessel until it be- 
comes a capillary, at which point the sheath apparently ends 
as a cul-de-sac, becoming incorporated with the vessel wall. 
It appears again around the veins. Between the sheath and 
the vessel wall there is a space traversed by fine trabeculae 
much after the fashion of those already described as occurring 
in the subarachnoid space. These perivascular spaces are not 
visible in the normal brain. Only under special conditions 
can they be brought to light. The spaces, first mentioned by 
Robin in 1858, have been fully described by Mott and Weed. 
Both of these observers produced a condition of cerebral 
anaemia, Mott by ligaturing one vertebral and both cartoid 
arteries, Weed by exsanguinating the animal. Under these 
conditions a very evident space at once becomes apparent 
around the vessels. That this space is not a mere artifact 
produced by collapse of the vessel is evidenced by the presence 
of the trabeculae already described. The existence of such 
a space is also proved by the accumulation within it of in- 
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flammatory cells — lymphocytes and plasma cells in general 
paresis, sleeping sickness, and acute poliomyelitis. The peri- 
vascular spaces are directly continuous with the subarachnoid 
space, as will be shown when the origin of the cerebrospinal 
fluid comes under consideration. 

In addition to the perivascular spaces it is also possible to 
demonstrate similar spaces around the nerve cells in experi- 
mentally produced anaemia of the brain. These perineuronic 
spaces can be seen, in favorable sections, to communicate di- 
.rectly with the perivascular spaces, and thus eventually with 
the subarachnoid space. The fact that the nerve cells come 
in this manner to be bathed in the cerebrospinal fluid is one 
the importance of whiclr it is impossible to overestimate. 

There are still other prolongations of the subarachnoid 
space. The cranial and spinal nerves as they issue from the 
brain and spinal cord carry with them a sac-like prolongation 
of the arachnoid membrane for a varying distance. These 
perineural sheaths are particularly well marked in the case of 
the olfactory, the optic, and the auditory nerves. 

THE SPINAL SUBARACHNOID SPACE 

In the spinal canal the dura mater no longer presents two 
layers. The outer layer which acted as a periosteum for the 
cranial bones has now disappeared. The vertebrae possess a 
periosteum of their own, and the dura mater forms a loose 
lining to the vertebral canal, the intervening space being oc- 
cupied by areolar tissue and a few veins. 

The arachnoid and pia mater are similar in every respect 
to those of the cranial cavity. The pia terminates as a definite 
membrane at the point where the cord ends, namely the lower 
border of the first lumbar vertebra. In the child the cord 
ends at a lower level, reaching as far as the body of the third 
lumbar vertebra. 

The arachnoid sac is carried down as far as the first piece 
of the sacrum, and contains the strands of the cauda equina 
in addition to the cerebrospinal fluid. It is into this portion 
of the subarachnoid space that a needle may be inserted with 
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perfect safety for the purpose of withdrawing a sample of 
the cerebrospinal fluid. ( Fig. 2. ) 

THE VENTRICLES OF THE BRAIN 

The ventricles of the brain in reality form one large cavity, 
consisting of various subdivisions which communicate freely 
with one another. The lateral ventricles open by the foramina 
of Monro into the third ventricle, and the aqueduct of Sylvius 
establishes a direct connection between the third and fourth 
ventricles. 

In the roof of the fourth ventricle there are three open- 
ings, a central opening, the foramen of Magendie, and two 
lateral openings, the foramina of Luschka or Key and Retzius. 
Although the actual existence of these openings has been 
called in question in recent times there can be no doubt that a 
free communication exists between the fluid in the fourth ven- 
tricle and that contained in the part of the subarachnoid space 
which lies in immediate relation to the medulla and cerebellum. 

The third, fourth, and lateral ventricles are lined through- 
out by the ependyma, a layer of cubical epithelial cells lying 
upon a somewhat dense and non-vascular fibrous tissue. The 
ependyma subserves the passive function of lining the ven- 
tricular cavities, and probably, in health at least, does not 
contribute to nor in any way alter the composition of the 
cerebrospinal fluid. 

Lying free in each ventricle there are two highly convoluted 
vascular tufts, the choroid plexuses. These project into the 
ventricles carrying before them the lining epithelium in a man- 
ner which cannot but recall the tufts of Bowman in the kidney. 
They are produced by an invagination of the pia mater 
through the choroid fissure. The epithelial cells covering the 
tuft are differentiated for a special function, just as in the 
case of the kidney. They become larger and more columnar, 
and in many respects resemble those lining the alveoli of a 
secreting gland. 

Changes similar to those seen in a secreting gland may be 
observed in these specialized epithelial cells under the influ- 
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ence of stimulants. If the choroid plexus of an animal be 
examined immediately after the administration of ether it will 
be found that not only have the epithelial cells greatly in- 
creased in size, but a differentiation into two zones has taken 
place, and a number of hyaline droplets may be detected 
towards the free margin. Further, some of the cells show 
these changes in a more marked degree than others, a phe- 
nomenon also to be observed in a secreting gland. In short, 
the epithelial cells covering the plexus show every evidence 
of being in a state of active secretion. The choroid plexuses 
of the various ventricles may, therefore, be justly regarded as 
secreting organs. Mott considers that in view of the above 
facts it is now justifiable to speak of the plexus as the choroid 
gland. The importance of these observations on structure 
becomes apparent when the question of the origin of the 
cerebrospinal fluid comes to be considered. 
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CHAPTER III 
THE ORIGIN AND DESTINATION OF THE FLUID 

ORIGIN OF THE CEREBROSPINAL FLUID 

Endless discussion and controversy has taken place regard- 
ing the origin of the cerebrospinal fluid, and the most diverse 
views have at different times been expressed. Gradually, how- 
ever, light is beginning to emerge from the darkness, and 
fact to take the place of theory. Until recently it was as- 
sumed, naturally, that the fluid had but a single source. Once 
that source was determined the problem would be solved. 
Now, however, it is recognized that there may be, and prob- 
ably is, more than one source. This, of course, adds con- 
siderably to the difficulties of the problem, but in biology it 
frequently happens that an early simple explanation has to 
be repeatedly modified, till the charm of its original sim- 
plicity is entirely lost. We must be prepared, therefore, for 
a similar readjustment in our views concerning the origin of 
the cerebrospinal fluid. 

The cerebrospinal fluid is contained in the two great cavities 
of the ventricular system and the subarachnoid space. Has 
the fluid in these two localities a common origin, or does a 
different mechanism come into play, depending on anatomical 
differences in the two regions ? 

That a considerable portion of the fluid is produced within 
the cavity of the ventricles has been proved incontestably. 
Such proof is partly clinical, partly experimental in character. 
The condition of internal hydrocephalus, in which the ven- 
tricles become distended by an enormous accumulation of 
fluid, is usually associated with some degree of obstruction to 
the outlets in the roof of the fourth ventricle. 

If the aqueduct of Sylvius, leading from the third ventricle, 
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be artificially blocked, as in the experimental method of 
Dandy and Black fan, a mechanical internal hydrocephalus will 
invariably be produced. 

Weed, by passing a cannula through the aqueduct of Syl- 
vius, was able to withdraw fluid directly from the ventricles, 
thus entirely eliminating the surrounding tissues. After the 
preliminary increase in flow, the fluid continued for several 
hours to drop from the end of the cannula at the usual rate. 

The only structures within the ventricles which could pos- 
sibly be concerned with the production of the fluid are the 
choroid plexus and the ependyma lining the cavity. Although 
the choroid plexus had been frequently suggested as the source 
of the fluid, it was Petit and Girard in 1902 who first placed 
the theory on a firm foundation. These observers made an 
extensive and thorough series of investigations upon the struc- 
ture of the choroid plexus in different classes of vertebrates, 
at the same time testing the effect of hypersecretory substances 
such as pilocarpine, muscarine, and ether. They found that 
during a period of increased production of fluid the epithelial 
cells covering the plexus showed changes very similar to those 
observed in an ordinary secreting gland. Mott, following a 
similar line of investigation, arrived at identical results. In 
a later paper he pointed out the strong similarity between the 
choroid plexus and the lachrymal gland, and considers that 
we are justified in speaking of the structure as the choroid 
gland. 

Cushing has made direct observations upon the choroid 
plexus in cases where a porencephalic cavity communicated 
with the ventricles. The patients were under ether anaes- 
thesia, a condition well calculated, as will be seen presently, 
to stimulate the production of fluid. In all these cases he 
was able to observe droplets of fluid exuding from the sur- 
face of the choroid plexus. In one case the vessels entering 
the plexus were ligatured, with the result that the secretion al- 
most immediately ceased. 

The most brilliant contribution is that of Dandy, who in a 
masterly paper proved that the choroid plexus is the sole source 
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of the fluid, and that the ependyma takes no part in its produc- 
tion. By a most ingenious technic he succeeded in blocking 
the foramen of Monro on one side of a dog's brain, whilst on 
the other side he first removed the choroid plexus of the lateral 
ventricle, leaving the ependyma intact, and then blocked the 
foramen of Monro on that side. In the former case the ven- 
tricle became greatly distended with fluid, a condition of uni- 
lateral hydrocephalus, but in the latter it became shrunken and 
collapsed, containing not a drop of fluid, although still lined by 
the ependyma. It would be difficult to get a more beautiful 
solution of an apparently insoluble problem. 

Is the fluid in the subarachnoid space identical with that 
of the ventricles ? Does it merely represent the overflow from 
the ventricles which takes places through the openings in the 
roof of the fourth ventricle, or is there an additional source 
of supply outside the ventricles? It certainly is not identi- 
cal in composition with ventricular fluid. It contains more 
albumin and less sugar. Both the globulin and the comple- 
ment-absorbing substance in general paresis are more abund- 
ant in the spinal than in the ventricular fluid. The colora- 
tion of the fluid which occasionally occurs in jaundice is said 
to be more marked in the former than in the latter. 

The fact that the extraventricular may differ considerably 
in composition from the intraventricular fluid, although 
suggestive, is by no means conclusive evidence of the exist- 
ence of some mechanism for the production of the cerebro- 
spinal fluid additional to that of the ventricles. Much more 
convincing proof is afforded by the observations of Dandy 
and Blackfan on a case of internal hydrocephalus in which 
there was complete obstruction to the outflow from the ven- 
tricles. In this case, although only five cubic centimeters of 
fluid could be withdrawn by lumbar puncture, it was possible 
in a comparatively short time to recover another similar quan- 
tity. As this fluid could not have come from the ventricles, 
it must have originated from some extraventricular source. 

If there is an additional source of the fluid it must either 
be the endothelial surface of the walls of the subarachnoid 
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space, or the perivascular prolongations of that space which 
have already been described. In this connection the observa- 
tions of Spina are of importance. This observer produced 
a condition of high intracranial pressure by intravenous in- 
jections of suprarenal extract. On exposing the arachnoid 
mater he noted an exudation of clear points of fluid issuing 
from its surface. From this he argued that the direction of 
the flow was probably towards and not away from the sub- 
arachnoid space. 

The great difficulty in investigations on a possible dual 
source of the cerebrospinal fluid is the separation of the 
ventricular from the extraventricular fluid. Weed's method 
of overcoming this difficulty by introducing a cannula along 
the aqueduct of Sylvius into the third ventricle has already 
been described. By this means he was enabled to make separ- 
ate observations on the behavior of the fluids in the two spaces 
under different conditions. 

Weed has further attacked the problem by means of his 
method of making subarachnoid injections of potassium 
ferrocyanide, hardening the brain in situ in formalin con- 
taining one per cent, hydrochloric acid, and examining for 
the presence of granules of Prussian blue. He found that al- 
though the granules penetrated to the farthest recesses of the 
perivascular spaces, there was no evidence of their passage 
into the vessels. The flow of fluid appears, therefore, to take 
place from the vessels into the spaces, and not in the reverse 
direction as suggested by Mott. 

Finally, as Cushing has poined out, in cases where the intra- 
cranial pressure is markedly increased, where the convolu- 
tions are flattened against the surface, and where, therefore, 
the exit from the perivascular spaces tends to be obstructed, 
the spaces are found to be distended to an extent never seen 
in health, as if the fluid which they contained was being pro- 
duced there and unable to escape. There seems to be good 
reason, therefore, to believe that the fluid in the subarachnoid 
sac is constantly being augmented by additions from the peri- 
vascular spaces of the arachnoid mater. These additions 
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probably carry out with them the products of neuronal 
metabolism, owing to the close relation which exists between 
the perineuronal and perivascular spaces, so that a difference 
between the subarachnoid and the ventricular fluids is to be 
expected rather than wondered at. 

As our knowledge of the cerebrospinal fluid becomes greater 
it will possibly be found that various parts of the brain and 
its appendages make characteristic additions to the fluid. 
Cushing and Goetsch have already advanced evidence to show 
that the secretion of the posterior lobe of the pituitary gland 
is poured into the cerebrospinal fluid, and a recent case of my 
own lends support to this view. It cannot be claimed, how- 
ever, that this matter has been conclusively proved. 

ABSORPTION OF THE CEREBROSPINAL FLUID 

There can be no question that the cerebrospinal fluid is being 
continually secreted. Very large quantities may be with- 
drawn, and be replaced within a short space of time. It has 
been estimated from observations on the absorption of dyes 
from the subarachnoid space and subsequent excretion in the 
urine that the fluid may be replaced four or five times ovej 
during twenty- four hours. As the total quantity of the fluid 
in man is probably somewhere about 120 cubic centimeters it 
is evident that a very rapid and extensive absorption of fluid 
must be continually taking place. In some cases of fracture 
of the base of the skull large quantities of fluid have been 
collected, as much as from one to two liters sometimes escap- 
ing in the course of twenty-four hours. Cases of cerebro- 
spinal rhinorrhcea or escape of cerebrospinal fluid from the 
nose which occasionally occur afford striking ocular demon- 
stration of this continuous production and outflow. In a 
case which came under my observation some years ago, a 
case in which direct communication had been established be- 
tween the cranial and nasal cavities owing to destruction of the 
intervening structures by the eroding action of a tumor, a 
slow flow of fluid took place from the nose whenever the 
patient assumed the erect posture. This flow was observed 
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over a period of many months and the total amount of fluid 
lost must have been enormous. By what channels, under 
normal conditions, does this constantly produced fluid make 
its escape? 

The major part of the fluid undoubtedly passes into the 
blood. Leonard Hill, in his classical work on the circulation 
of the cerebrospinal fluid, found that when saline colored with 
methylene blue was injected into the subarachnoid space the 
dye appeared in the bladder and stomach in from ten to twenty 
minutes, whereas the lymphatics showed no trace of color for 
a much longer time. Lewandowsky similarly injected potas- 
sium ferrocyanide into the subarachnoid space and regained it 
from the urine in twenty minutes. But the problem of how 
the fluid gained access to the cerebral veins still remained 
to be solved. 

The Pacchionian bodies, structures so evident when even 
the rough methods of the ordinary post-mortem examination 
are employed, were naturally the first to attract attention, and 
at first sight it appeared that these granulations from their 
anatomical structure were well qualified to act as a filter by 
means of which the fluid could escape from the subarachnoid 
space into the cerebral sinuses. When, however, it was 
realized that the structures existed in neither early childhood 
nor in the lower animals it became evident that some other 
mechanism must be looked for. Cushing suggested that 
valvular openings into the sinuses might exist, through which 
the fluid could escape, but further research necessitated an 
abandonment of this view also. The brilliant experimental 
work of Weed is by far the most important contribution to 
the subject which has yet been made. 

The technical procedure adopted by Weed has already been 
indicated. By hardening the brain in situ in a fluid contain- 
ing one per cent, hydrochloric acid he was able to trace the 
granules of Prussian blue resulting from a preliminary ante- 
mortem subarachnoid injection of potassium ferrocyanide and 
iron ammonium citrate into the minutest ramifications of the 
subarachnoid space. The accuracy with which it was possible 
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to follow the course of the injected fluid is evident from a 
study of the admirable plates with which his work is illus- 
trated. This was not of course the first time that such injec- 
tion methods had been employed, but much of the work of 
previous observers has been vitiated by the employment of 
abnormally high pressures in the process of injection. With 
such pressures it is quite possible for abnormal channels to 
be opened up and even formed. By using pressures only 
slightly above that of the cerebrospinal fluid, or still better, 
by the method of replacement whereby the injected fluid 
is made to take the place of an equal amount of fluid which 
has been withdrawn, Weed was enabled to study the process 
of absorption from the subarachnoid space under normal 
conditions. 

The outcome of the work was to prove conclusively the 
paramount importance of the arachnoid villi as a mechanism 
for the passage of the cerebrospinal fluid from the sub- 
arachnoid space into the venous circulation. In every in- 
stance the dark blue granules could be traced with the greatest 
ease from the subarachnoid space into the villus-like processes 
which project into the lumen of the sinus, and eventually into 
the sinus itself. In some instances the granules could be de- 
tected in their passage between the cells covering the villus. 
There was no evidence of any passage between the cells. Nor 
was there any evidence of absorption into the cerebral capil- 
laries. These observations, therefore, lend no support to the 
view advanced by Mott that the major process of absorption 
takes place into the capillaries of the brain. 

Several factors favor the flow of fluid from the sub- 
arachnoid space into the sinuses. The pressure in the veins 
is lower, so that the fluid tends to diffuse through into the 
blood. There is, in fact, a constant process of readjustment 
going on between production and absorption of the fluid, the 
object of which is to maintain a condition of accurate bal- 
ance. Upset of this balance is a pathological condition which 
is characterized by the immediate appearance of symptoms of 
intracranial disturbance. The blood is far richer in crystal- 
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loids and colloids than the cerebrospinal fluid, and this is a 
further factor in determining the flow of the fluid from the 
subarachnoid space into the cerebral sinuses. 

But although drainage through the arachnoid villi into the 
great venous sinuses both at the vertex and base is evidently 
of the first importance, it does not follow that there are no 
other means of escape. The fact that there are no arachnoid 
villi and no venous sinuses corresponding to those of the 
cranium to be found in the spinal canal naturally leads one 
to look for some other possible mechanism. This subsidiary 
mechanism is to be found in the lymphatic system. 

It has already been pointed out that definite extensions of 
the subarachnoid space can be demonstrated in the form of 
tubular sheaths which pass for a varying distance along many 
of the cranial and spinal nerves. These sheaths are especially 
well developed in relation to the olfactory, the optic, and the 
auditory nerves. These sheaths end in a definite cul-de-sac, 
beyond which injections of granular material such as carbon 
cannot pass. But when f errocyanide solution is used the lym- 
phatics of the neck will be found to be deeply stained. A 
similar result was obtained by Leonard Hill in his original 
observations with methylene blue. It is evident then, that 
absorption can take place into the lymphatic system, but this 
absorption is much less in amount than that into the venous 
sinuses. 

It still remains to be shown how the fluid finds its way from 
the subarachnoid cul-de-sac into the lymphatics of the neck. 
For long it has been known that a perineural space exists 
around the nerves which can be injected from the subarach- 
noid space. Cotugno was the first to demonstrate the ex- 
istence of this space by injecting it with air. It becomes very 
evident when the ferrocyanide method is employed. The blue 
granules of ferric ferrocyanide can be traced for some distance 
along the nerve in the perineural space. They then appear to 
enter a somewhat indefinite open reticular tissue from which 
they finally escape into the lymphatics which accompany the 
nerves. These relations can best be studied in the case of the 
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olfactory nerve, where the various channels are large and well 
defined, but similar arrangements exist in relation to the other 
cranial and spinal nerves. 

Although this accessory path is of relatively little im- 
portance in comparison with that into the venous circulation, 
yet in the case of the spinal subarachnoid space it comes to 
assume a position of greater importance, for in this region, as 
has already been pointed out, it is the only mechanism pos- 
sible. In all of the spinal nerves absorption from the 
perineural spaces into the lymphatics of the anterior and 
posterior nerve roots can be demonstrated by the f errocyanide 
replacement method. In those rare cases where the cranial 
is separated from the spinal subarachnoid space, and in which 
cerebrospinal fluid continues to be secreted into the perivas- 
cular sheaths, the lymphatic system of drainage must be re- 
garded as of considerable importance. 
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CHAPTER IV 
CIRCULATION OF THE FLUID 

Is there a real circulation of the fluid? Is any movement 
that may take place merely one of ebb and flow, or does the 
fluid simply lie in stagnant pools in the great cisterns? All 
the analogies of biology are against the assumption that the 
fluid is in a stagnant condition. For it is not a mere means 
of lubrication, like the synovial fluid of the joints, nor is it 
nothing but a water cushion or buffer, as has often been sug- 
gested. It has an active part to play in the economy of the 
central nervous system, and for that purpose movement 
throughout its mass is essential. Little is known at present 
regarding the direction of this circulation or the factors which 
govern it, but it is becoming recognized that these are matters 
of the greatest importance in connection with the surgery of 
the brain and the administration of therapeutic remedies by 
the subarachnoid route. 

The cerebrospinal fluid may in this connection be divided 
into two parts — the part above the tentorium cerebelli and 
the part below that membrane. From experimental evidence 
there can be little doubt that substances do not pass readily 
from the lower to the upper chamber. The fluid from the 
ventricles, escaping through the foramina in the roof of the 
fourth ventricle, reaches the subarachnoid space in the sub- 
tentorial region. Fluids injected below the tentorium only 
reach the cerebral cortex with difficulty. Thus Goldmann, in- 
jecting trypan blue in the lumbar region, found the greater 
part of the nervous system stained with dye, but the cerebral 
cortex remained unstained. Golla, using an improved technic, 
has been able to obtain slight staining of the cortical cells, but 
in a much less intense degree than in the rest of the nervous 
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system. He employed colloidal carbon, and allowed a few 
days to elapse before killing the animal. The black particles 
of carbon could then be demonstrated with great ease. Fluids 
injected above the tentorium, on the other hand, reached every 
part of the cerebral cortex. 

As a result of these and other injection experiments it ap- 
pears to be established that substances can pass with com- 
parative ease from the spinal sac to the lower cranial chamber, 
but that in the upper cranial chamber the flow is for the most 
part from above downwards. The importance of these ob- 
servations is obvious, and will be referred to again when dis- 
cussing the administration of therapeutic remedies by the in- 
traspinal route. They may serve in part to explain the ef- 
ficacy of lumbar injections of salvarsanised serum in tabes 
dorsalis, and the much more disappointing results of the same 
treatment in general paresis. 

It is a little difficult to understand where the downward flow 
from the cerebral cortex originates, seeing that the ventricular 
fluid escapes in the subtentorial region. A probable explana- 
tion is to be found in the accessory intramedullary source of 
supply provided by the perivascular spaces. This fluid streams 
downward to mingle with the fluid from the ventricles in the 
basal cisterns. It must further be remembered that under 
normal conditions the amount of fluid in the subarachnoid 
space above the tentorium is very small. 

It has been suggested by Kramer that there may be an 
ascending current in the central canal of the cord. Injections 
of methylene blue were found to pass into the canal by a 
caudal metapore, and to ascend with the canal. The matter 
must still be considered sub judice, howfever, for the work of 
subsequent observers has not substantiated this hypothesis. 

FACTORS INFLUENCING THE FLOW OF THE 
CEREBROSPINAL FLUID 

If the choroid plexus is in reality to be regarded as a se- 
cretory gland, it is to be expected that some substances will 
exercise a stimulating effect upon it. In investigating prob- 
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lems connected with the flow of the fluid and the allied sub- 
ject of cerebrospinal pressure, it is necessary to bear in mind 
that several different factors may be involved in any given 
change. Unless this be done quite erroneous conclusions may 
be arrived at. For an increased flow or a heightened pressure 
might be due to increased production of fluid, or to a rise of 
arterial or venous pressure. 

Of the various workers in this field Dixon and Halliburton 
have made the most notable contribution. By taking simul- 
taneous records of the cerebrospinal pressure and the pressure 
in the great sinuses they were able to distinguish rises of 
pressure of vascular origin from those due to increased secre- 
tion of fluid. They found that certain substances act as true 
cerebral lymphagogues. Of these, those which had a truly 
specific action were extracts of choroid plexus and brain tissue. 
Normal cerebrospinal fluid produced no effect, but intravenous 
injections of fluid from cases of general paralysis and cerebral 
disintegration were followed by an increased flow. They sug- 
gest that a hormone may be produced by the brain substance, 
and carried to the choroid plexus, where it stimulates the epi- 
thelial cells. This would explain the presence of an excitant 
in the fluid in cases of cerebral degeneration. 

In addition to these specific stimulants they found other 
factors of great importance. Of these the chief was the 
presence of excess of carbon dioxide in the blood. The ani- 
mals were kept under artificial respiration during the ex- 
periments, and the moment that a deficiency of oxygen or an 
excess of carbon dioxide was permitted in the inspired air, 
the fluid at once began to flow freely from the cannula. If 
anaesthetics such as chloroform or ether, or drugs such as 
pilocarpine or amyl nitrite, be employed, the result is the same. 
In such experiments, therefore, it is advisable to use morphine 
and urethane as an anaesthetic, combined with the use of ar- 
tificial respiration. 

This phenomenon of increased flow of fluid resulting from 
excess of carbon dioxide in the blood is readily understood. 
The cerebrospinal fluid is one of the means of producing a 
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rapid excretion of carbon dioxide and when the carbon dioxide 
in the blood rises above normal it is natural that the process of 
excretion should be hastened. Analogies may be found in the 
increased flow of urine following injection of urea, and the 
cholagogiie action of bile salts. 

. The conditions which favor an increased flow of fluid also 
tend to produce a rise of cerebrospinal pressure. For this 
pressure is largely independent of the arterial or venous pres- 
sure. The factors which influence it are the rate of produc- 
tion and the rate of absorption. 

PERMEABILITY OF THE MEMBRANES 

Many substances pass with ease from the cerebrospinal fluid 
into the veins, but very few can pass from the blood into 
the fluid. The epithelium of the choroid plexus presents an 
impenetrable barrier to the vast majority of substances which 
try to make this passage. By this rigid censorship it protects 
the delicate nervous structures from the action of harmful 
substainces. Toxins are excluded. Tetanus toxin injected 
subcutaneously does not appear in the fluid. The specific 
agglutinin found in typhoid fever is also absent. Intravenous 
injections of dyes fail to reach the spinal fluid. Crystalline 
substances taken by the mouth or injected into the veins can- 
not be recovered from the fluid. The importance of these 
facts from the therapeutic standpoint is of course obvious. 

The exclusiveness of the choroid plexus is not quite com- 
plete. Alcohol, chloroform, and acetone are allowed ready 
passage, and Crowe has shown that urotropin administered 
internally can be recovered from the cerebrospinal fluid. As 
a result of this last observation it has become the custom to 
give urotropin as an antiseptic in cases of meningitis. This 
is one of the instances, so often provided by the history of 
medicine, of an extensive practice being built up on the slender- 
est foundation. For the drug appears in the fluid in quan- 
tities so small that it can have no effect in staying the progress 
of a case of acute meningitis. Further Dixon and Halliburton 
and other workers have failed to detect any trace of for- 
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maldehyde, to which the antiseptic action of urotropin is due. 
Any small traces of urotropin, however, which may be present 
may exert a very useful prophylactic influence,, and render the 
fluid unsuitable for the growth of a few invading organisms. 
For this reason it is well worth while to give prophylactic 
doses of the drug in cases of fracture of the skull, wounds of 
the head, and before operating on cases of acute middle ear 
inflammation. 

Formidable as is the obstacle to passage from the blood to 
the spinal fluid, many substances can pass in the opposite 
direction with remarkable ease and rapidity. Crystalline sub- 
stances may be absorbed and produce their characteristic effect 
almost as quickly as when injected directly into the veins. 
Thus Dixon and Halliburton have shown that atropin in- 
jected into the subcerebellar cisterna of a dog will produce 
vagal paralysis in a minute, whilst with adrenalin the latent 
period may be as short as ten seconds. Pituitary extract is 
also rapidly absorbed. 

Even more remarkable than the rapidity of absorption is the 
amount of fluid which can be absorbed. Anything up to a 
liter of normal saline may be run into the subcerebellar cis- 
terna of a dog, and be absorbed in the space of one or two 
hours. This enormous power of absorption becomes com- 
prehensible, however, when the amount of cerebrospinal fluid 
secreted is considered. From observations on the absorption 
and excretion in the urine of phenolsulphonephthalein injected 
into the subarachnoid space it appears probable that the entire 
quantity of cerebrospinal fluid is completely renewed about 
every four hours. Granting that the average volume of fluid 
is somewhere about one hundred or one hundred and twenty 
cubic centimeters, this would give a total absorption of between 
six and seven hundred cubic centimeters in the course of 
twenty-four hours. The greater part of this absorption takes 
place from the cranial subarachnoid space, comparatively little 
occurring in the spinal part of the space. This again is a point 
for the therapeutist to bear in mind. 

Colloids, on the other hand, are absorbed with great dif- 
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ficulty or not at all. Witte's peptone and a foreign serum are 
proteins the presence of which in the blood stream can be 
recognized by their characteristic physiological action. 
Neither of these substances can pass from the cerebrospinal 
fluid into the blood. The reason for this difference in be- 
havior undoubtedly depends on the size of the molecule. The 
large-sized molecules of the colloid are denied passage. This 
effectually disposes of any theory of valvular openings from 
the subarachnoid space into the cerebral sinuses. 
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CHAPTER V 
THE FUNCTIONS OF THE CEREBROSPINAL FLUID 

The cerebrospinal fluid must have some important function 
to perform. That which is usually assigned to it is a purely — 
or at least mainly — mechanical one. It is compared to a 
water jacket, an all-pervading medium which supports and 
protects the central nervous system, shielding it from the rude 
shocks and blows of the outside world, adapting itself to the 
varying conditions within the cranial cavity, accommodating . 
the brain in the matter of space, ebbing and flowing in response 
to the demands of the changing volume of blood in the cerebral 
vessels, and in general subserving the useful though some- 
what humble function of a stopper-up of gaps. But is it for 
this alone that the fluid exists? Is it for this that there has 
been created the complex system of the ventricles, the great 
stretch of the subarachnoid space with its cisterns and lakes, 
and the wonderful prolongations of that space deep down into 
the substance of the brain bringing even the individual nerve 
cells into intimate connection with the fluid? It seems about 
as reasonable to suppose that the blood fills the vessels that 
they may be distended to the proper extent, or that the chief 
function of the circulation is to warm the body. The whole 
unique constitution of the fluid, — the sugar for purposes of 
metabolism, the high content of carbon dioxide, the peculiar , 
changes in the fluid in pathological states, — cries out against 
such a supposition. No doubt the fluid plays an important 
part in the mechanics of the cranial cavity; it must furnish 
a convenient mechanism for compensating changes in the 
cerebral volume, but in addition it must surely be concerned 
with the metabolism of nervous tissue. 

The cerebrospinal fluid doubtless has many uses. Encasing 
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and enveloping as it does the whole central nervous system, 
it cannot but act as a protection against sudden shocks. The 
medulla oblongata, the most delicate and vital part of the 
brain, is so surrounded by the cisterna magna and the cisterna 
pontis that it may be regarded as lying in a water bath. The 
cranial cavity is bounded by rigid and inexpandable walls. 
The only way in which the brain can possibly expand is for 
the cerebrospinal fluid to flow out of the cranial cavity into 
the spinal canal. That there is need for such a mechanism is 
easily proved by a few observations on the changes which 
may occur in cerebrospinal pressure. Such an act as cough- 
ing or crying at once causes the fluid to flow out of the skull. 
In such conditions as cerebral congestion or oedema the de- 
mand for such a mechanism is still more evident. 

Owing to the peculiar constitution of the cerebrospinal 
fluid and the remarkable selective action of the choroid plexus, 
it is possible that the fluid plays an important part in protect- 
ing the nervous tissue from the action of harmful substances 
circulating in the blood. It has been shown that substances 
such as barium chloride, which prove fatal when injected into 
the spinal canal, may circulate in the blood in a concentration 
a thousand times greater before they produce injury to the 
brain. Salvarsan can be given intravenously in large doses 
without producing any toxic action on the brain, but even 
minute quantities may have a fatal eflfect when injected into 
* the spinal canal. Bacterial and other toxins are in a similar 
manner excluded from reaching the nervous tissues. 

Useful and important as these functions must be, there can 
be little doubt that the fluid is above all concerned with the 
nutrition of and the elimination of waste products from the 
elements of the central nervous system. It is for this reason 
that the carbon dioxide content of the fluid is so high. It is 
probably for this reason that the composition of the fluid may 
vary materially in different places. The composition of the 
fluid is itself highly suggestive. It contains a small quantity 
of sugar and a trace of albumin. The sugar provides the 
energy needed in the metabolism of the nerve cells and fibers, 
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whilst the albumin provides nourishment for these structures. 
It is true that the albumin content is low, but it is probably 
sufficient for the purpose, for the wear and tear of the nervous 
tissue is not great. Halliburton has pointed out the remark- 
able similarity between the cerebrospinal fluid and Locke's 
physiological saline solution, which contains 0.9 per cent, 
sodium chloride and a small quantity of glucose. Locke's 
fluid is known to be an almost ideal fluid for nourishing the 
tissues and removing the products of metabolism. Mott es- 
timates that the carbon dioxide content of the fluid is over 
fifty per cent. This again strongly suggests that the fluid 
plays the part of the lymph of the brain. At the present stage 
of our knowledge the matter is not susceptible of proof, but 
every analogy and probability points to the fact that the fluid 
has a metabolic as well as a mechanical function to perform. 

THE NATURE OF THE CEREBROSPINAL FLUID 

Two main views have been advanced as to the nature of 
the fluid. On the one hand it has been held that the fluid is 
a transudate, passing out from the blood vessels by the physical 
process of transfusion. Against this conception it is possible 
to bring a formidable array of facts. The fluid bears no 
resemblance in composition to that of other transudates oc- 
curring in the body, of which the most important is lymph. 
Although the fluid has been described by Mott as 3 lymph of 
the brain, it differs from lymph in one important particular. 
The blood serum contains about 6.5 per cent, of albuminous 
matter, and of this over 4.5 per cent, appears in the lymph. 
The process of filtration through the walls of the capillaries 
is accordingly a coarse one, for even the large colloid mole- 
cules of albumin are allowed to pass. In the cerebrospinal 
fluid, however, the protein is only present to the extent of 
.018 per cent. It is evident that here we are not dealing with 
a simple transudation uninfluenced by other factors. 

On the other hand the fluid has been regarded as a secre- 
tion produced by the choroid plexus or choroid gland. For 
this view, which is at present the popular one, there is much to 
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be said. Certainly the choroid plexus is intimately concerned 
with the production of the fluid. But are we justified in using 
the term secretion in this sense? In the secretions of the 
body such as the sweat, the bile, the milk, and the saliva, 
there is something added to the fluid secreted, some distinctive 
component the result of the vital activity of the cells engaged 
in the secretory process. What is there of this nature to 
which we can point in the case of the cerebrospinal fluid? 
Nothing is added or synthetised. It is merely a case of sub- 
stances being held back. 

Under these circumstances the most reasonable hypothesis 
seems to be that of Mestrezat, who regards the fluid as an 
" elective filtration," the result of dialysation through a mem- 
brane which has the power of holding back almost all sub- 
stances other than those immediately necessary for the func- 
tioning of the nervous tissue. In this way the great class of 
albuminoid toxins are forbidden access to the nerve centers. 
Mestrezat classes the cerebrospinal fluid along with the 
aqueous humor of the eye and the endolymph of the internal 
ear as belonging to one family which he names the neuro- 
protectors. It must be admitted, however, that it is difficult 
to reconcile with this view the fact that the cerebrospinal pres- 
sure may be increased without a corresponding and causative 
increase in the pressure within the blood vessels. The process 
may be one of filtration in the sense that certain substances are 
held back, but the term is apt to create a false impression,* 
for, under certain circumstances at least, the choroidal epi- 
thelium plays a much more active part than that of a mere 
restrainer. Under normal conditions the process is probably 
one of filtration, but when the choroid gland is stimulated to 
activity the process becomes one of active secretion. 
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CHAPTER VI 
PRESSURE OF THE CEREBROSPINAL FLUID 

It is seldom that in clinical reports we find an attempt to 
determine the pressure of the spinal fluid with any degree 
of accuracy. As a rule we have to be content with the in- 
formation that the pressure is " normal " or " raised." 
Often no reference of any kind is made to it. And yet from 
the point of view of the physician and surgeon a knowledge 
of the pressure within the cranial cavity and of the conditions 
which may produce heightening of that pressure is of the 
greatest importance. For it is becoming increasingly recog- 
nized that increased or decreased intracranial pressure may 
be the chief factor in producing cerebral symptoms in widely 
differing affections. It has long been known that the head- 
ache, vomiting, and optic neuritis of cerebral tumor are di- 
rectly due to high intracranial pressure, but only recently has 
it been realized that the convulsions in eclampsia, the coma 
in uraemia, and the tinnitus and giddiness in certain affections 
of the internal ear may be associated with a similar condition. 

Many estimations of the normal cerebrospinal pressure have 
been made at different times, and the results obtained vary to 
an extraordinary degree, such widely divergent figures as 50 
millimeters and 450 millimeters of water having been given. 
The reason for this enormous difference of opinion is no doubt 
twofold. On the one hand no standard instrument has been 
agreed upon. Each observer manufactures or improvises one 
for himself, so that it can hardly be wondered that the results 
vary. On the other hand the influence of incidental factors 
on the cerebrospinal pressure has not been sufficiently realized. 
Of these factors the two most important are gravity and 
venous pressure. A change from the horizontal to the erect 
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position will often produce a very marked change in the 
cerebrospinal pressure. Anything which causes engorgement 
of the cerebral veins tends to raise the cerebrospinal pressure. 
Even the act of coughing and the movements of respiration 
affect that pressure. (Fig. 3.) 

Of the various methods of estimating the cerebrospinal 
pressure, the simplest and the best adapted for clinical pur- 
poses is that of Cassidy and Page. The apparatus consists of 
a lumbar puncture needle provided with a cock at the blunt 
end, and rubber tubing a meter in length, to one end of which 
is attached a tapped nozzle which fits into the needle, and to 
the other end a simple glass tube 18 cm. long and 1.5 cm. 
in diameter. The patient lies in the recumbent pasture, great 
care being taken that the cerebrospinal axis is horizontal. 
Normal saline the density of which is practically the same as 
that of water at 120 F. is poured into the tubing, the tap on 
the nozzle being closed, till the glass tube is half full. A 
mark is made on the tube at the level of the fluid, or a wooden 
clip is used for the purpose. The needle is inserted into the 
spinal canal. Whenever a drop of fluid appears the tap is 
closed. It is important that only the minimum amount of 
fluid should be lost, otherwise the reading will be too low. 
This is a point to which sufficient attention has not usually 
been paid. The tubing is now connected with the needle and 
both taps opened. Minute oscillations of the fluid in the 
glass tube due to the respiratory movements ought to be seen, 
otherwise the readings are valueless. The glass tube is held 
directly above the needle at such a height that the fluid in it 
returns to its original level. The vertical height of this level 
above the needle is measured, and the result gives the cerebro- 
spinal pressure in millimeters of water. 

The pressure varies between 90 and 150 mm., the average 
being about 120 mm. A variety of conditions may cause the 
pressure to be raised. In all forms of meningitis it is in- 
creased, unless the openings in the roof of the fourth ventricle 
are blocked. The highest readings are obtained in cerebral 
tumor. In a tumor of the cerebellum I have seen the fluid 
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spurt from one side of the bed to the other. It may be, how- 
ever, that the high intracranial pressure forces the medulla 
into the foramen magnum, in which case the spinal pressure 
will show no increase. Most of the cases of general paralysis 
which I have examined have shown a pressure distinctly above 
the normal. Intracranial haemorrhage is naturally associated 
with increased pressure. In children the raised intracranial 
pressure may be the most important factor in the case, and its 
reduction by lumbar puncture may directly lead to the cure of 
the condition. In conditions associated with general oedema, 
such as uraemia and eclampsia, there may be a high cerebro- 
spinal pressure, the relief of which may lead to most dramatic 
improvement. The persistent headaches which form so 
troublesome a complication in some cases of anaemia can prob- 
ably be traced to a disturbance — either a heightening or a 
lowering — of the intracranial pressure. The undoubted re- 
lationship which exists between the cerebrospinal fluid and the 
endolymph of the internal ear serves to explain how cases of 
Meniere's disease have been improved and even cured by re- 
peated lumbar puncture. From these and other facts it is 
evident that the pressure of the cerebrospinal fluid is of prac- 
tical as well as theoretical interest, and well worthy of further 

study. 
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CHAPTER VII 
LUMBAR PUNCTURE 

The operation of lumbar puncture is now so well known 
and so widely practiced that it is unnecessary to discuss it in 
great detail. (Fig. 4.) 

The patient may be sitting up or lying on one side. The 
most convenient site is the space between the fourth and fifth 
lumbar vertebrae, readily found by remembering that a line 
joining the highest points on the iliac crest passes through 
the spine of the fourth lumbar vertebra. The skin is ster- 
ilized with iodine. The best needle is one of platinum tipped 
with iridium. A common fault in lumbar puncture needles 
is to make them too thick. This greatly adds to the patient's 
discomfort. The needle should be provided with a stout 
stilette. A preliminary freezing of the skin with ethyl chlor- 
ide is often advisable. A deep injection of eucain and 
adrenalin is useful in nervous patients. More useful, how- 
ever, than any anaesthetic is skill on the part of the operator. 
Those who have watched a tyro's unsuccessful efforts to enter 
the spinal canal will agree that it is advisable, if possible, to 
make the first attempts on the cadaver, or on a patient under 
a general anaesthetic. The chief thing to be learned is the 
difference between the resistance of the ligamenta subflava to 
the needle, and that of the vertebrae themselves. With the 
index finger of the left hand on the tip of the spine of the 
fourth lumbar vertebra, the needle should be entered about 
half an inch to one side of and a little below the spine. It 
must be pushed forwards, inwards, and a little upwards. The 
upward movement is important owing to the inclination of 
the laminae. In children it is sometimes more convenient to 

enter in the middle of the line. A general anaesthetic will 
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sometimes be needed, especially in cases of meningitis with 
marked opisthotonos. In adults a general anaesthetic should 
be used in cases of tetanus. 

The needle may enter the canal, and yet no fluid may be 
forthcoming. A stout stilette should be passed into the needle, 
as a shred of muscle may be blocking the lumen. If this is 
of no avail it is probable that the needle has not penetrated 
the arachnoid, but has merely pushed the membrane in front 
of it. In this case another puncture should be made in the 
space above. If the operator fails to enter the canal it is 
much better to withdraw the needle and try the next space 
than to continue blindly to prod the unhappy patient. 

In rare cases it may be impossible to obtain any fluid — 
the so-called dry tapping. Before assuming that such a con- 
dition exists it is always well to employ the two needle device. 
In addition to the needle already in the canal, another is intro- 
duced into the next space above, and coupled by a short length 
of rubber tubing to a glass cannula. A little warm sterile 
saline is poured into the cannula, and if the condition is really 
one of dry tap, that is to say if the lower needle is really 
lying unblocked in the spinal canal, the saline will flow freely 
from the latter needle. The only case of apparent absence of 
fluid in the lower part of the spinal sac which I have en- 
countered was one of transverse myelitis. 

Some of the most difficult cases on which to perform lumbar 
puncture are met with in asylums. Even in cases of acute 
delirious mania, however, one can almost always succeed, es- 
pecially if the patient be made to sjt astride of a chair facing 
the back, and with his arms pulled well over the back, which 
should be as low as possible. In these cases it is always wise 
to use a platinum needle, for a steel one is very liable to break 
should the patient suddenly begin to struggle. 

The quantity of fluid which may be or ought to be with- 
drawn depends greatly on circumstances. In the generality 
of cases from five to ten cubic centimeters may safely be 
taken off. For all ordinary purposes five cubic centimeters 
are amply sufficient, provided that the various tests are carried 
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out in the proper order. In cases of meningitis it is advisable 
to withdraw large amounts up to thirty, forty, or fifty cubic 
centimeters, much depending upon the rate of flow. There is 
one class of case, however, in which too great care cannot be 
exercised. Most of the accidents and fatalities following 
lumbar puncture — and there is reason to believe that many 
such accidents and fatalities have not been reported — have 
been in cases of cerebral tumor, and especially tumor of 
the posterior cranial fossa. In these cases the intracranial 
pressure is invariably high, and if the spinal pressure be sud- 
denly diminished by the withdrawal of fluids, there is great 
danger of the medulla being forced into the foramen magnum 
with consequent pressure on the vital centers which may be 
attended by fatal results. In a vascular sarcoma with thin 
walled vessels a sudden fall in pressure may be followed by a 
fatal haemorrhage, in very much the same way as haemorrhage 
from the vessels in the wall of a long-distended bladder may 
follow a too hasty withdrawal of urine. 

It cannot be too strongly urged that lumbar puncture is not 
such an essentially harmless procedure as venesection. A 
fatality occurring in the course of a procedure which has prob- 
ably — and naturally — been represented as of a trivial nature 
does not tend to establish the physician in the confidence of 
the relatives, nor in any way to enhance his reputation. If 
a tumor of the posterior cranial fossa has been diagnosed, 
the puncture must only be performed in the recumbent posture, 
without a pillow, and not more than two cubic centimeters 
should be withdrawn. 

Schoenbeck has collected seventy-one fatal cases from the 
literature. In fifteen of these less than five cubic centimeters 
was withdrawn. In seven death occurred immediately after 
the puncture. In some it was delayed for several hours. In 
cases of cerebellar tumor he advises that the patient be kept 
in bed for 24 hours before and 24 hours after puncture. 

The question of the after-effects of lumbar puncture is one 
which is not sufficiently emphasized by many writers. Indeed 
in many cases it is not even referred to. Amongst those au- 
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thorities who do discuss the subject there is a somewhat re- 
markable diversity of opinion. For instance Chauffard and 
Boidin in a series of two hundred and twenty-three punctures 
record only three cases of vomiting and no other ill effects 
to speak of with the exception of slight headache. Nissl, on 
the other hand, met with headache, nausea, vomiting, and in 
some cases complete prostration in forty-eight out of one 
hundred and twelve cases punctured. Of seven doctors 
whom he punctured as controls, six developed severe symp- 
toms. In a series of observations of my own upon one hun- 
dred and twenty asylum patients I had to record marked 
after-effects in twenty-five cases, together with slighter sequelae 
in a number more. The chief symptoms were headache, giddi- 
ness, nausea, and vomiting. Most of the patients were kept in 
bed for twenty-four hours after the puncture, and not more 
than eight cubic centimeters were withdrawn. The symptoms 
as a rule made their appearance soon after the patient got up, 
but were occasionally delayed for an hour or two. In one 
remarkable case a weakly and anaemic girl was kept in bed 
for five days. At the end of that period she got up and felt 
quite well, but seven hours later she had so* severe an attack 
of headache and faintness that she had to retire to bed. 

To what are we to ascribe these divergent and apparently 
contradictory results ? I think that the most important factor 
is the type of case under investigation. In a general hospital 
if a lumbar puncture is performed on a patient the probability 
is that he is distinctly ill and is unlikely to leave his bed for 
many days after the puncture. Under such conditions it is 
unlikely that there will be any marked after-effects. Certainly 
in hospital patients I have never seen after-effects comparable 
in severity to those of asylum patients. In asylum practice, 
on the other hand, it is probable that the patient is merely 
put to bed for the purpose of the puncture, after which he is 
allowed to get up. Under such conditions disagreeable symp- 
toms are much more likely to follow. But even in asylum 
work a further distinction can be made. The one class of 
case in which I never observed any unpleasant effects was the 
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general paralytic; the explanation probably being the marked 
excess of fluid which is almost always present in this disease. i 

If now a series of observations be made on general paralytics 
the results as regards after-effects will be very different from 
those in a series of ordinary mental cases. This, it appears to 
me, is the most reasonable explanation of the remarkable 
diversity of the reports in the literature. Speaking generally 
it may be said that the more normal the patient the more 
likely is he to suffer from after-effects, whereas cases of 
meningeal irritation and of increased intracranial tension feel 
better rather than worse as the result of the puncture. Oc- 
casionally the headache may be psychical in nature, for in one 
of my cases it occurred where no fluid was obtained. 
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CHAPTER VIII 

PHYSICAL PROPERTIES 

It cannot be said that the physical properties of the cerebro- 
spinal fluid are very striking or of a specially positive char- 
acter. Indeed, although much time and study have been de- 
voted to them the results have not been remarkable either 
from the academic or the practical standpoint. To this state- 
ment, however, two exceptions must be made. Both the color 
and the pressure of the fluid are worthy of, and have re- 
ceived, careful consideration. 

COLOR 

The cerebrospinal fluid is a perfectly clear, limpid, colorless 
fluid, which in appearance cannot be distinguished from water. 
The slightest divergence from this condition of limpidity indi- 
cates a pathological condition, provided that certain possi- 
bilities are taken into consideration. For, before any con- 
clusions regarding morbid conditions can be drawn, it is first 
essential to exclude the possibility that such a divergence from 
the normal may have its origin in the operation of lumbar 
puncture. 

The chief conditions to which an alteration in the physical 
appearance of the fluid may be due are the presence of blood 
or leukocytes. 

The fluid which first appears may be tinged with blood. 
This blood may come from one of two sources. It may be 
preexistent in the fluid owing to cerebral haemorrhage, frac- 
ture of the skull, or injury to the spinal column. Or it may 
come from a vessel which has been punctured at the operation. 
The tyro will frequently obtain blood in his earlier attempts. 
The expert who enters the canal with one quick push will be 

4i 



42 PHYSIOLOGY AND PATHOLOGY OF THE CEREBROSPINAL FLUID 

troubled in this way much more seldom. A frequent source 
of haemorrhage is wounding of the plexus of veins which lies 
in the anterior wall of the canal. This accident may be 
avoided if the needle is not introduced too far after the liga- 
menta subflava have been pierced. 

Even with the greatest care, however, the fluid which first 
issues may be blood stained. The first few drops should be 
discarded, and the rest of the fluid collected in two sterile test 
tubes. The second of these will contain little or no blood. 

As a rule what may be called accidental blood may be dis- 
tinguished from preexisting blood by two simple tests. If 
the blood is accidental in origin the stream will usually rapidly 
clear, and there will be a marked difference between the tubes. 
Should a comparatively large vein have been opened, however, 
the second tube may contain a very appreciable quantity of 
blood. In this case the fluid must be centrifuged. If the 
blood is of recent origin, the red corpuscles will be drawn to 
the bottom and the supernatant fluid become perfectly clear. 
If, on the other hand, it has been in the spinal canal for any 
time it will have become haemolysed, and centrifuging will 
produce little effect. 

It must be realized, however, that the process of destruction 
of the red blood cells is one which takes some little time, and 
during the first day or two the cells may show little altera- 
tion. 

The red coloration due to haemolysis does not develop 
fully till the end of the first week, after which it gradually 
becomes fainter, till by the end of the fourth week it may 
have completely disappeared. 

I have seen a case of fracture: of the skull, examined within 
twenty-four hours of the injury, in which centrifuging re- 
moved every trace of blood, sufficient time for haemolysis to 
he produced not having elapsed. The source of the blood was 
very evident, however, for it was so abundant and so in- 
timately mixed with the fluid that it could not possibly have 
come from a wounded vein. In some cases the tinging of 
the supernatant fluid may be very slight, and it may only be 
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detected when the fluid is compared against a white back- 
ground with a specimen of clear water. It is important that 
this should be realized, for upon a determination of the pres- 
ence of preexisting blood may depend the diagnosis and the 
question of operation. 

Tinging of the fluid without turbidity is not in every in- 
stance due to cerebral or meningeal haemorrhage. Of recent 
years considerable attention has been devoted to a peculiar 
yellow or golden tinging of the fluid to which the name of 
xanthochromia has been applied. In this condition the fluid 
is perfectly translucent and free from turbidity, but of a color 
varying from a pale straw to a deep amber. This condition 
was first described by Froin in 1903, and was found by him 
to be associated with a remarkable increase in the protein con- 
tent of the fluid. Fibrin is often present and spontaneous 
coagulation of the fluid may take place. Since that time a 
large number of cases have been recorded, and it is now 
recognized that the pathological condition in which this com- 
bination occurs most frequently is one of pressure on the 
spinal cord in which a portion of the subarachnoid sac is 
shut off from the rest of the space. In this condition, al- 
though the protein may be enormously increased, there is as 
a rule no corresponding increase in the cells of the fluid, 
which in many cases are normal in number. This last is the 
most characteristic feature of all. It cannot, however, be 
considered absolutely pathognomonic, for I have observed a 
case, with marked protein but no cellular increase, which at 
autopsy proved to be one of tumor in the pituitary region. 

This phenomenon will be considered again in a later sec- 
tion. At present we are only concerned with the presence of 
coloring matter in the fluid. It is necessary to distinguish a 
true xanthochromia from coloration of the fluid or erythro- 
chromia due to cerebral or meningeal haemorrhage. There are 
several respects in which the two conditions differ from one 
another. 

In erythrochromia marked changes in the color of the fluid 
•may be observed if a series of punctures at intervals of a few 
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days be performed, and by the end of three or four weeks the 
color has almost or entirely disappeared. In xanthochromia 
the color, which is of a more golden tinge, may remain con- 
stant throughout a period of many months. 

In erythrochromia well formed red cells or the shadows of 
such cells can be recognized under the microscope. No such 
cells are present in xanthochromia. 

In erythrochromia the chemical, and in the early stages the 
spectroscopic, tests for blood pigment are positive. In xan- 
thochromia they are invariably negative. 

In erythrochromia it is common to find a marked increase in 
leukocytes, owing doubtless to the irritation of the meninges 
produced by the effused blood. In xanthochromia, as has al- 
ready been mentioned, it is unusual to find any increase in 
white cells. 

Finally, true xanthochromia is commonly met with as a 
late phenomenon in the complex known as the Nonne-Froin 
syndrome, of which massive coagulation of the fluid is one 
of the most characteristic features. This never occurs in ery- 
throchromia. 

When all has been said, however, there remain cases in which 
the coloration of the fluid is difficult to classify. In one case 
which I reported a marked yellow coloration suddenly ap- 
peared in the fluid of a case of acute meningitis which was be- 
ing treated by repeated lumbar puncture. The fluid showed 
no traces of blood cells, but the color only persisted for a 
few weeks. There was no coincident increase in the pro- 
tein. 

The source of the coloring matter in xanthochromia must 
almost certainly be the blood, but what the exact mechanism 
may be, whether by minute haemorrhages into the stagnant cul- 
de-sac or by some other means, is at present only a matter for 
conjecture. The prevalent view is that the color is due to 
capillary haemorrhages, with very slow disintegration of the red 
cells, with a result somewhat analogous to the coloration met 
with in haemolytic jaundice. Mestrezat states that by using 
refined methods he was able to demonstrate the presence of 
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urobilin in such fluids. Certainly this cannot be done by using 
the ordinary tests for bile. 

Jaundice. The fluid may be bile stained. It is sometimes 
stated that the cerebrospinal fluid escapes the universal ting- 
ing which is found in biliary jaundice. This, however, is only 
a partial truth. Whilst it is the case that the spinal fluid 
is less colored than any other of the body fluids, yet in many 
cases a careful examination will reveal a distinct yellowish 
tinge. The healthy choroid plexus presents an impenetrable 
barrier to the passage of the constituents of the bile, and es- 
pecially of the bile salts, into the spinal fluid. In severe 
cases, however, the epithelium covering the plexuses may be- 
come so damaged that they allow the passage of at least the 
pigments of the bile into the spinal fluid. In no instance, 
however, does the coloration met with approach to that met 
with in the other body fluids. In one case of hemolytic 
jaundice, in which the blood serum was highly charged with 
bile pigments, but the urine completely free, I examined the 
spinal fluid with great care for bile pigments, but was unable 
to detect the slightest trace. 

Turbidity of the fluid indicates the presence of an abnormal 
number of cells. These cells may be : 

i. Red blood corpuscles, derived from a cerebral or menin- 
geal haemorrhage, or from a vessel wounded by the puncture. 

2. Polymorphonuclear leukocytes, which are present in 
enormous numbers in acute meningeal infections. 

3. Lymphocytes. As a rule the presence of lymphocytes 
lends no turbidity to the fluid, and they may be present in con- 
siderable numbers without affecting its limpidity. When, 
however, the numbers are very high they may impart a dis- 
tinct turbidity, or rather opalescence, to the fluid. In one of 
my cases of early general paralysis of the insane in which a 
very large cellular increase was present the appearance of. the 
fluid was distinctly turbid. 

Pressure. This has been fully discussed in Chapter VI. 
Freezing point. The freezing point of a fluid is dependent 
on the quantity of dissolved substances which it contains, and 
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thus affords an indication of the molecular concentration of 
the fluid. At one time it was hoped that valuable information 
might be provided by the determination of the freezing point 
of the cerebrospinal fluid, and numerous cryoscopic observa- 
tions have been made with that end in view. It cannot be 
said, however, that these investigations have revealed much 
of importance. The normal freezing point is given by Mes- 
trezat as -0.575, but anything from -0.51 to -0.58 C. may be 
considered as being within the normal limits. 

The electrical conductivity is another property of minor im- 
portance which has received some attention. It is sufficient to 
say that the fewer are the dissolved substances in the fluid, 
the poorer is its power of conduction. 

The specific gravity varies little, being usually between 1006 
and 1008. 

Reaction. The cerebrospinal fluid is faintly alkaline in 
reaction, owing to the salts which are dissolved in it. Cavaz- 
zani in 1892 asserted that the alkalinity was half that of the 
blood, a statement which has been faithfully transcribed by 
most succeeding writers. Of late much attention has been 
devoted to the alkalinity of the blood, and methods for its 
determination have been considerably simplified. The most 
convenient means of expressing the alkalinity of such a fluid 
as the blood is in terms of the hydrogen-ion concentration, 
which may very readily be determined by the method of Levy, 
Rowntree, and Marriott. This method is so eminently suited 
for such work on the cerebrospinal fluid that it has already 
been applied to that purpose by several workers. 

The main difficulty that stands in the way of the colori- 
metric method for determining the hydrogen-ion content of 
the blood serum is the presence of coloring matter and protein. 
The first of these is not found in the cerebrospinal fluid. As 
for the second the amount of protein normally present is so 
small that it may be disregarded. If, however, a large 
amount of albumin is present it can be readily removed by 
dialysing the fluid through a collodion sac, one cubic centimeter 
being dialysed against three cubic centimeters of 0.8 per cent. 
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solution of pure sodium chloride. The preparation of these 
sacs by the method usually recommended is one of consider- 
able difficulty. Collodion is poured in and out of a small 
test-tube, the film which forms on the surface is allowed to 
dry, and is finally separated from the glass with the point 
of a knife. Unfortunately there is a great tendency for the 
bottom of the collodion sac to adhere to the glass, with the 
result that a tear occurs when the sac is withdrawn, and the 
sac thus rendered useless. I have found that a simple device 
will overcome this difficulty, and render the preparation of the 
. sacs a matter of ease. Melted gelatin is poured in and out 
of the test-tube, and the film allowed to dry. Collodion is 
then poured in and out of the tube and also allowed to dry. 
The tube is filled with cold water to harden the collodion coat, 
and then placed in the incubator. The gelatin melts and the 
collodion sac can be removed intact from the test-tube. 

If there is no excess of protein and no blood is present it 
is unnecessary to dialyse the fluid, for practically identical 
results are obtained with dialysed and undialysed specimens. 
To 3 c.c. of cerebrospinal fluid in a small test-tube 10 by ioo 
mm. is added 0.3 c.c of a 0.0 1 per cent, solution of phenolsul- 
phonephthalein. The color produced is compared with a 
standard set of tubes containing varying proportions of acid 
potassium phosphate, KH 2 P0 4 , and alkaline sodium phos- 
phate, Na2HP0 4 . Such a set of tubes may be obtained from 
Hynson, Westcott, and Dunning, of Baltimore, or the solutions 
may be prepared in the manner described by Levy, Rowntree, 
and Marriott in their original paper. 

The first extensive series of observations was that of Hur- 
witz and Tranter who found that the average hydrogen-ion 
concentration of the fluid was 8. 11, as compared with 7.6 to 
7.8 for the average of the blood. Weston obtained similar 
results by the same method. Felton, Hussey, and Basque- 
Jones, however, have pointed out one important source of 
error. They insist that the estimation must be made im- 
mediately after the withdrawal of the fluid, otherwise the 
rapid escape of the carbon dioxide in the fluid will materially 
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increase the alkalinity. They observed the effect of exposing 
the fluid to the air, and found that in many cases an exposure 
of six hours would change the pH from y.y to 8.6. Using 
the method of immediate examination they concluded that the 
average pH of the cerebrospinal fluid equals 7.75, and that the 
hydrogen-ion concentration of the blood serum and spinal 
fluid are approximately equal. They examined the fluid from 
a large number of cases of nervous disease, including epilepsy 
and syphilis of the nervous system, but found no appreciable 
alterations in the reaction. 

Levinson has described another simple method of estimat- 
ing the alkalinity of the fluid. He titrates the fluid against 
n/100 sulphuric acid, using methyl red as an indicator. To 
one c.c. of spinal fluid, diluted with 20 c.c. of distilled water 
is added 1 drop of a 2 per cent, solution of methyl red, and 
the number of c. c. of n/ 100 H 2 S0 4 required to produce color 
changes is taken as the index. The normal fluid gives 
an index varying between 2.0 and 2.5 c.c. The alkalinity as 
tested by this method is considerably lowered in epidemic men- 
ingitis, ranging between 0.7 and 1.3 c.c, but in tuberculous 
meningitis there appears to be little change. 
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CHAPTER IX 
CHEMICAL COMPOSITION 

The cerebrospinal fluid is in many ways a unique fluid. 
Although taking its origin directly from the blood it differs 
diametrically from the serum in the remarkable simplicity of 
its chemical composition. That composition may be described 
in a word by saying that the fluid differs from distilled water 
in that it contains traces of a few salts, a trace of protein, a 
trace of sugar, a trace of urea, and is alkaline in reaction. 
There is a certain danger of being led by this simplicity of 
composition to neglect the chemical conditions in favor of 
the more obvious cytological changes which are met with in 
disease of the nervous system. In such disease, however, 
changes of the greatest importance may take place in the 
chemical composition of the fluid, and in this direction lies 
perhaps the greatest hope that eventually fuller light will be 
shed upon the nature of nervous diseases which are at present 
entirely obscure. One obstacle in the way of progress is the 
coarseness of some of the methods commonly employed. It 
is only when such tests as the Wassermann and the colloidal 
gold are applied to the fluid that we begin to realize the pos- 
sibilities of chemical investigations on the fluid. It is incon- 
ceivable that the fluid which bathes the nervous tissues and 
which receives the products of their metabolism should be 
perfectly normal in such an essentially toxic condition as dis- 
seminated sclerosis, and yet because we can demonstrate no 
increase of cells or of protein content we are forced to call 
it so. There can be no doubt that as our methods of investi- 
gation become more and more refined and penetrating, chem- 
ical and biological changes will be revealed in the fluid which 
were never dreamt of in our philosophy. 
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PROTEIN 

Blood serum contains a large amount of albuminous ma- 
terial, of which the chief constituents are serum albumen and 
serum globulin, which are present in the proportion of 2.5 
per cent, of serum albumen and 4.0 per cent, of serum globulin. 
For purposes of nomenclature it is convenient when dealing 
with the cerebrospinal fluid to include these two substances 
under the common term protein. Serum globulin may be pre- 
cipitated by half saturating the fluid with ammonium sulphate 
(i.e. by adding an equal quantity of ammonium sulphate solu- 
tion), or by fully saturating it with magnesium sulphate. If 
serum albumen is present it may be demonstrated in the filtered 
fluid by heating. It is removed by completely saturating the 
fluid with ammonium sulphate. 

Investigations on the protein content of the cerebrospinal 
fluid have been conducted over a considerable number of years, 
and many and varied have been the results. It has been stated 
at different times that the fluid contains albumen, globulin, al- 
bumose, nucleo-protein, and various combinations of these 
substances. 

It is now universally admitted that the most important 
constituent is globulin, which may readily be detected. Many 
authorities state that the normal fluid never contains true al- 
bumen, but undoubtedly in some cases when the globulin has 
been completely removed minute traces of albumen can be 
demonstrated. The quantity, however, is so small that for 
practical purposes it may be neglected. Mestrezat in one case 
estimated the amount of albumen as being .004 per cent. 

Globulin is present normally to the extent of .02 to .03 per 
cent. It reacts readily to such tests as heat or the nitric acid 
ring test. In many pathological conditions it is increased in 
amount, and the detection of this increase is of the greatest 
importance. It is necessary, therefore, to employ a test which 
will give a positive result when the globulin is increased be- 
yond the normal limits, but which will not react with the 
normal fluid. 
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From time to time a multitude of tests have been devised 
and suggested for this purpose. Of these three may be highly 
recommended. Nothing is to be gained by describing the 
others in detail. Before applying any of the tests the fluid 
should if necessary be thoroughly centrifuged, so that any 
blood or pus cells may be removed. 

The ammonium sulphate ring test of Ross and Jones has 
no equal for demonstrating the slightest increase in the pro- 
tein of the fluid, but I have found that even in normal fluids, 
if the observations be made under the most favorable condi- 
tions, a positive result may sometimes be obtained. 

The test is made as follows. A saturated solution of pure 
neutral ammonium sulphate is prepared with the aid of heat. 
Unless care be taken to insure that the solution is completely 
saturated the results will not be trustworthy. On to the 
surface of this saturated solution is poured 1 c.c. of cerebro- 
spinal fluid, in the same manner as in the nitric acid test for 
albumen in the urine. A positive reaction is indicated by 
the appearance at the line of junction of the fluids of an 
extremely thin, clear-cut, white line, no thicker than a sheet 
of fine paper, and of a cobwebby appearance. An indistinct 
haze must always be regarded as indicating a negative reaction. 
In order that the faintest ring may be detected it is necessary 
that a suitable illumination and background be used. It is 
best to use an artificial light coming from the side and a 
black background. A black lined box in one side of which 
there is an opening for an electric light is an ideal arrange- 
ment. If a negative result be obtained with this test, em- 
ploying the above precautions, there is no excess of protein 
present. 

The original and classic form of the ammonium sulphate 
test is the Phase I test of Nonne and Apelt, which consists in 
the addition of an equal quantity of saturated ammonium 
sulphate solution to the cerebrospinal fluid. If turbidity ap- 
pears within three minutes the test is positive. Phase II con- 
sists in the demonstration of the presence of albumen after all 
the globulin has been precipitated by ammonium sulphate. 
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Noguchi's butyric acid test consists in the addition of 0.5 
c.c. of 10 per cent, butyric acid in normal saline to 0.1 ex. 
of cerebrospinal fluid. The fluid is heated, 0.1 c.c. of a 4 per 
cent. . solution of sodium hydrate is added, and heat is again 
applied. If the protein is increased there will appear in a 
few minutes fine flocculi, which gradually become coarser, and 
finally form a precipitate on the bottom of the tube. The 
test is a somewhat malodorous one. 

The third and simplest of these tests is that of Pandy. 
The reagent is a 10 per cent, solution of carbolic acid, which 
must be prepared with care. The solution, which is made up 
with distilled water, is well shaken and placed in the incubator 
for some hours. It is allowed to stand at room temperature 
for several days, and the clear supernatant fluid is then pipetted 
off. The test is performed by allowing a drop of cerebro- 
spinal fluid to fall upon the surface of the reagent. It is 
usually recommended that the fluid should be allowed to 
trickle down the side of a watch glass containing the reagent, 
but a test tube viewed against a black background shows the 
reaction perfectly. A positive reaction is indicated by cloudi- 
ness or white precipitate as the drop of fluid passes through 
the reagent. 

It will be seen that all these tests are essentially simple, as 
simple indeed as the corresponding tests fpr albumen in the 
urine. No complicated apparatus is needed, and they can be 
performed in the consulting room or by the bedside. To 
determine whether the cerebrospinal fluid contains an increased 
amount of albumen is as important, and in some cases much 
more important, than to decide a similar question with regard 
to the urine. If this fact were more generally recognized, 
what may be called bedside tests for the spinal fluid would un- 
doubtedly become much cpmmoner. The demonstration of 
albumen in the spinal fluid may settle a diagnosis of tuber- 
culous meningitis, general paralysis of the insane, or tumor 
of the spinal cord. Although it may be possible to do as 
little for these conditions as for chronic Bright's disease, the 
question of prognosis is even more important. 
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The protein content of the cerebrospinal fluid will be con- 
sidered when the different diseases of the central nervous 
system are studied, but it may be well here to mention the con- 
ditions in which it may be increased. 

A very great increase is present in acute meningitis, 
whether due to the meningococcus, the pneumocoocus, or the 
streptococcus. In tuberculous meningitis there is a marked 
increase, although the fluid may appear perfectly normal to 
the naked eye. In syphilitic disease of the nervous system, 
in general paralysis, and in tabes dorsalis it is increased in 
the great majority of cases. Cases of brain tumor may 
show an increase, but as a rule they do not; no general rule 
can be stated. The condition in which the greatest increase 
may occur is pressure on the spinal cord, usually due to tumor 
of the cord. In a number of different types of insanity, in 
which there was no evidence of syphilitic involvement of the 
nervous system, I have found a slight protein increase. The 
chief of these were manic-depressive insanity, epilepsy, de- 
mentia praecox, and congenital imbecility. These were only 
exceptional cases, however, and the increase was usually very 
slight. 

The fact that albumen is present in pathological amount in 
a variety of conditions does not detract from the diagnostic 
value of the sign. The diagnosis may lie between meningitis 
and meningism, or tabes dorsalis and peripheral neuritis, or 
general paralysis and alcoholic insanity. In all of these in- 
stances the presence of albumen would at once settle the 
diagnosis. On the other hand the test would be of no value 
in distinguishing between disseminated sclerosis and hysteria, 
or between general paralysis and cerebrospinal syphilis. 

THE POTASSIUM PERMANGANATE INDEX 

It is a well known fact that water containing organic mat- 
ter has the power of reducing a solution of potassium perman- 
ganate. This property has been utilized for the detection of 
organic matter of inflammatory origin in the cerebrospinal 
fluid. What is called the reduction index is the number of 
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cubic centimeters of decinormal potassium permanganate solu- 
tion which when boiled for ten minutes in a strongly acid 
medium are reduced by i c.c. of cerebrospinal fluid. 

The test is performed as follows. To i c.c. of cerebro- 
spinal fluid are added 50 c.c. of water, 10 c.c. of 1 in 4 sul- 
phuric acid and 10 c.c. of decinormal potassium permanganate, 
and the mixture boiled for ten minutes. To the mixture are 
added 10 c.c. of decinormal oxalic acid, and the whole is 
titrated with potassium permanganate till the characteristic 
color returns. Below 2 is a normal index; from 2 to 2.5 
may be regarded as border-line cases, and above 2.5 as high. 
The higher the content of organic substances in the fluid, 
the greater will be the amount of potassium permanganate 
solution reduced. 

The cases in which the test is most useful are those with a 
clear fluid and symptoms suggestive of meningitis, such con- 
ditions, for instance, as tuberculous meningitis or anterior 
poliomyelitis. There is no definite relation between the re- 
duction index and the cell count. Hoffman and Schwartz 
record a case of cerebral tumor which closely simulated tuber- 
culous meningitis; the fluid was opalescent, contained 330 
cells per cmm., the majority of which were lymphocytes. The 
reduction index, however, never went above the normal. 
There is a much closer relation between the index and the 
globulin, but the former has the advantage of being more 
readily expressed in figures. 

All normal and non-inflammatory fluids give a normal read- 
ing. Borderline results are found in the early stages of in- 
flammation of the brain and the meninges, and in serous men- 
ingitis. A high index signifies acute inflammation of the 
brain or meninges. The test is especially valuable in prog- 
nosis. In meningococcus meningitis if the prognosis is good 
the index falls after the injection of serum, even although the 
serum itself has a high reduction value. An index remain- 
ing persistently high, on the other hand, is a very unfavor- 
able sign. 
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SUGAR 



The cerebrospinal fluid contains dextrose. That fact is un- 
doubted, and yet it is remarkable how timidly many writers 
approach the subject. They appear to be afraid to make so 
startling an admission. The utmost length they are pre- 
pared to go is to admit that a Fehling-reducing substance is 
present in the fluid. The explanation of this unwillingness 
to admit the presence of sugar in the fluid is probably trace- 
able in many instances to Halliburton's statement to the effect 
that the Fehling-reducing substance was not dextrose but 
pyrocatechin, a pronouncement which appears to have been 
received with a remarkable degree of docility. Halliburton 
himself, however, has for some time revoked his opinion, 
and the pyrocatechin idea may well receive a decent burial. 
The sugar reduces Fehling's solution, is fermentable, rotates 
polarized light to the right, and when treated with phenylhy- 
drazin gives crystals of glucosazone melting at 202°-205° C. 

The normal cerebrospinal fluid reduces Fehling's solution to 
a slight but distinct extent. There may not be much color 
change in the solution, but if the tube be allowed to stand 
for a few minutes a reddish deposit will be found at the bot- 
tom. An excess of Fehling's solution should be avoided, and 
it is well to dilute the solution three or four times. Any ex- 
cess of albumen present should first be removed by boiling, as 
it is apt to give a greenish precipitate which may be mislead- 
ing. The amount of sugar present is so small that for its 
quantitative estimation special methods are necessary. The 
most convenient is that of Myers and Bailey for determining 
the sugar in the blood. To 2 c.c. of cerebrospinal fluid are 
added 0.2 gm. of dry picric acid and 1 c.c. of a 20 per cent, 
solution of sodium carbonate. The tube is placed in the water 
bath at ioo°C. for 20 minutes, and the canary yellow color 
produced is compared with a standard solution of picric 
acid in an Autenrieth-Konigsberger wedge colorimeter. 

Weston, in a series of observations on insane patients, 
found that the general average was 0.068 per cent., that of 
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blood being 0.114 per cent. There were considerable indi- 
vidual differences, but the average of the different groups was 
very constant. These were as follows: manic-depressive in- 
sanity 0.071 1, epilepsy 0.0740, imbecility 0.0723, general 
paresis 0.0658, dementia praecox 0.0604. 

The statement is generally made that in acute suppurative 
meningitis the sugar is markedly decreased or altogether ab- 
sent. In tuberculous meningitis the diminution may be slight. 
These statements, however, lacked the sound foundation of a 
quantitative estimation expressed in figures, and as a rule one 
had to be satisfied with the assurance that the fluid did not 
reduce Fehling's solution well. Peirce, working in the labora- 
tory of the Winnipeg General Hospital, and using a technic 
similar to that just described, although somewhat modified, ob- 
tained figures which bore out the contention that in acute sup- 
purative conditions of the meninges there is a very marked 
reduction in the amount of sugar present. Mott states that the 
sugar is reduced in dementia praecox, but in a series of cases 
which I examined I did not find this to be the case. It will be 
noticed, however, that the lowest average in Weston's series 
was obtained in dementia praecox. 

There is a very considerable increase in the sugar content 
in diabetes mellitus. With the onset of diabetic coma both 
diacetic acid and acetone are as a rule readily demonstrable. 
In cases in which the onset of diabetic coma is feared it is 
possible that the appearance of these substances in the spinal 
fluid may be an earlier and therefore more valuable prognostic 
sign than their presence in the urine. 

The theoretical interest of the presence of and variations 
in the sugar in the cerebrospinal fluid is great. The cere- 
brospinal fluid has already been compared to Ringer's fluid, 
in which the function of the sugar is to provide nourishment 
and minister to the metabolism of the perfused organ. The 
sugar in the spinal fluid is undoubtedly intimately concerned 
with the metabolism of the nerve centers, and its presence or 
absence may be regarded as an index of the activity of the 
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metabolism which is taking place. The data at our disposal 
are not yet sufficiently extensive to warrant us in drawing con- 
clusions regarding the behavior of the cerebrospinal sugar 
in metabolic affections of the central nervous system, but this 
offers a promising field for future investigations. It is often 
asserted that a diminution of sugar occurs in general paralysis, 
but I have not been able to satisfy myself that this is the case. 

The variation of the sugar content in the various forms of 
meningitis has a simple explanation. The meningococcus, the 
pneumococcus, and the streptococcus all possess the power of 
readily fermenting glucose. In meningitis due to these or- 
ganisms, therefore, the sugar is diminished or absent. The 
tubercle bacillus does not possess this power. Hence the sugar 
is as a rule little changed in tuberculous meningitis. 

This varying behavior of the sugar may be of considerable 
value, both diagnostic and prognostic, to the physician. 

It is one of the bedside tests which may settle the diagnosis 
for or against meningitis. With a frankly purulent fluid the 
need does not arise. But in early cases the fluid may be opal- 
escent or even clear. In such cases a marked disappearance 
of sugar would point very strongly to meningitis. 

In the matter of prognosis, again, it may be well worth 
while to test the Fehling reaction. In the course of a case of 
meningococcal meningitis treated by injections of serum, re- 
lapses in the clinical condition may occur. These may or may 
not be due to further activity on the part of the meningococcus. 
In the former case the sugar, which has begun to reappear 
with convalescence, will again disappear, and more serum must 
be administered. In the latter the sugar will remain unaltered, 
and serum is not indicated. 

In anterior poliomyelitis the sugar is not at all reduced. 
This is one of the chief respects in which the fluid differs from 
that of tuberculous meningitis, as far as our present knowledge 
goes. The sugar of the spinal fluid should therefore always 
be tested in suspected cases of poliomyelitis. 
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UREA 

Urea occurs in the normal cerebrospinal fluid to the extent 
of 0.006 per cent. It is unique amongst the constituents of 
the fluid in that it increases with an increase in the urea con- 
tent of the blood. Doubtless this is accounted for by the 
extreme diffusibility of urea, to which no check is placed by 
the epithelium of the choroid plexus. 

In true uraemia, that is to say where there is a condition of 
renal impermeability to urea, the increase of the urea content 
of the blood is closely paralleled by a similar increase in the 
cerebrospinal fluid. Where, however, there is merely a re- 
tention of chlorides with a normal excretion of urea, such 
an increase is no longer found. Many cases of cardio- vas- 
cular disease, etc., are wrongly diagnosed as clinical cases of 
uraemia, and in such cases an estimation of the amount of 
urea in the spinal fluid is of great value both in diagnosis and 
prognosis. 

The estimation of the urea in the blood is a little difficult. 
In the case of the spinal fluid it is perfectly simple. As the 
amounts in the two cases coincide so closely, it is evident that 
a valuable means is provided for determining the existence of 
a true urea retention, a means which will prove especially valu- 
able in cases of coma of uncertain nature. 

Canti found that in cases clinically diagnosed as uraemia 
those with a high cerebrospinal urea content all proved fatal, 
whereas those with a low urea content for the most part re- 
covered. Mestrezat gives the figures in pure uraemia as vary- 
ing between 0.098 per cent, and O.634 per cent. Those below 
0.3 per cent, were curable, those above 0.3 per cent, were all 
fatal. 

The hypobromite method is sufficient for clinical purposes. 
Five c.c. of cerebrospinal fluid are mixed with 25 c.c. of 40 
per cent, potassium hydrate solution, to which an ampule con- 
taining 2.2. c.c. of bromine is added. The results can be read 
in the usual way. The ammonium salts and other substances 
which interfere with the accuracy of this method in the case of 
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the urine are of course not met with in the spinal fluid. For 
more accurate work it is best to use the urease method of 
Marshall. This is carried out in exactly the same way as in 
estimations of blood urea. 

REFERENCES 

Canti, R. G.: The urea content of the cerebrospinal fluid, 
Lancet, 1916, I, p. 344. 

Hoffman, W. O. and Schwartz, A. B. : The potassium perman- 
ganate reduction index of the cerebrospinal fluid. Arch. Int. Med., 
19 1 6, XVII, p. 293. 

Jones, E. : The protein content of cerebrospinal fluid in general 
paralysis. Rev. of Neurol, and Psych., 1909, p. 379. 

Myers, V. C. and Bailey, C. V. : The Lewis and Benedict method 
for the estimation of blood sugar, with some observations obtained 
in disease. Jour. Biol. Chem., 1916, XXIV, p. 147. 

Nonne and Apelt: tJber Fraktionerte Eiweissausfallung in der 
Spinalflussigkeit, etc. Arch. f. Psychiat., 1907, Bd. XLIII, H, 2. 

Pandy: Uber eine neue Eiweissprobe fur die Zerebrospinalflus- 
sigkeit. Neurol. Centralbl., 1910, p. 915. 

Weston, P. E. : Sugar content of the blood and spinal fluid of 
insane subjects. Jour. Med. Research, 19 16, XXXV, p. 199. 



tiL 



CHAPTER X 
CYTOLOGY 

The normal cerebrospinal fluid contains an occasional 
lymphocyte and sometimes an endothelial cell or two. In dis- 
ease conditions, cells make their appearance in varying num- 
bers. It is not only the number which varies. The cell type 
shows an equally great variation. Almost any blood cell may 
be present in addition to a considerable variety of tissue cells. 
Too little attention has been paid to the particular kind of cell 
present in different pathological conditions. How often do we 
read that a cytosis was found, a pleocytosis, an increased cell 
count, without a word as to the nature of the cells. Our 
present knowledge of diseases of the blood has been gained 
by a careful differential study of the various cells which may 
appear in disease. Similar study is needed in the case of the 
cerebrospinal fluid if we are to obtain a true conception of the 
pathology of many of the conditions in which it shows ab- 
normal changes. This neglect is partly due to the fact that 
the usual methods of cell examination are inadequate for pur- 
poses of fine differentiation, and that the one really excellent 
method — that of Alzheimer — is somewhat cumbersome and 
tedious. 

Examination of the cells of the cerebrospinal fluid must be 
both quantitative and qualitative. 

QUANTITATIVE EXAMINATION 

The French method. It was the investigations of Widal, 
Sicard and Ravaut in 1901 upon the cell content of the spinal 
fluid which first drew attention to the clinical importance of 
the fluid, and it was therefore natural that their method, com- 
monly called the French method, should have been used by the 
earlier workers. Latterly, however, it has fallen into disuse 

and almost into a disrepute which is certainly undeserved. For 
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by it an idea as to whether a pathological increase in the cells 
is present may be gained quite as accurately as by the ordinary 
haemocytometer, although not with the same accuracy as is 
given by the method of Fuchs and Rosenthal. Further, a rea- 
sonably good picture of the variety of cells present is afforded. 
The technic demands a reasonable amount of care. 

Five cubic centimeters of spinal fluid are placed in a taper- 
ing centrifuge tube, which must be scrupulously clean, and cen- 
trifuged at a rapid rate — 1200 revolutions per minute — for 
half an hour. The fluid is decanted and the tube allowed to 
stand upon blotting paper in an inverted position for 3 min- 
utes, so that only a trace of fluid remains in the tube. The 
tube is then returned to the upright position, and when not 
more than a drop of fluid has made its appearance at the 
bottom, the sediment is taken up into a fine capillary tube and 
blown out on to a glass slide. This is the part of the pro- 
cedure which requires care and a certain degree of skill. The 
same capillary should be used each time. If treated reason- 
ably its life will be a long one. Not more than a small drop 
of fluid must be allowed to collect at the bottom of the centri- 
fuge tube, otherwise the sediment will be unduly diluted. 
The capillary should be twirled around the bottom of the 
tube in order that no sediment may be left adhering to the 
walls. Finally the fluid must not be blown out of the ca- 
pillary all over the slide. Blow gently until a drop appears 
hanging from the end of the capillary. Then touch the slide 
gently with the drop, taking care that the latter does not spread 
out upon the slide. Unless this precaution is observed the 
count will be too low. The drop of fluid is dried in air, 
fixed in absolute alcohol for 10 minutes, and stained. 

The count is made by examining the slide under a magnifi- 
cation of 450 diameters — high power — and taking the av- 
erage of a number of fields. It is advisable to count at least 
10 fields, and these should include both the margin and the 
center of the drop, for the cells tend to be collected more 
densely at the former than at the latter. 

If details of the technic be attended to the French method 
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will be found to give constant and accurate results. Some 
years ago I tested it in a series of observations on the cerebro- 
spinal fluid of the insane. The patients were not receiving 
any special treatment and the condition of their fluid might 
therefore be regarded as reasonably constant. In a consid- 
erable number of cases the fluid was examined on several oc- 
casions and the results were remarkably constant. I am con- 
vinced that the variation would have been fully as great and 
probably greater with the ordinary haemocytometer method. 
In addition the method provides a permanent preparation, and 
enables a differential count to be made. 

Various modifications of the original French method, such 
as those of Nissl, and Fischer and Kafka, have been from 
time to time introduced, but they are not of sufficient import- 
ance to be considered in detail. 

The counting chamber method. Useful as the French 
method undoubtedly is, there can be no doubt that the best all 
round method of cell estimation is the use of the special count- 
ing chamber of Fuchs and Rosenthal. Unfortunately in many 
instances the special chamber is not available, with the result 
that the ordinary Thoma-Zeiss apparatus is used. 

The Thoma-Zeiss chamber is 1 mm. square and 0.1 mm. 
deep. The total volume is therefore 1/10 c.mm. The Fuchs- 
Rosenthal chamber on the other hand is 16 mm. square and 
0.2 mm. deep, with a resulting capacity of 16/5 c. mm. or 
about 3 c.mm. The number of cells counted is, therefore, 
very much greater, and the margin of error correspondingly 
less. 

The cerebrospinal fluid which should be as fresh as pos- 
sible is well shaken up so as to ensure a uniform distribution 
of cells. Using an ordinary white cell counting pipette, stain 
is drawn up to the mark 1, and cerebrospinal fluid to the 
mark n. The staining fluid consists of: — 

Methyl violet o. 1 

Glacial acetic acid 2.0 

Aq. dest 50.0 




Normal Cell Count. 
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After allowing the stain to act for a few minutes a drop 
of fluid is placed on the counting chamber and the cells are 
counted in the ordinary manner. This gives the number in 
16/5 c. mm., and by dividing by three the number per c. mm. 
is obtained. With practice a fair idea as to the type of the 
cell present may be obtained, for the cells have undergone none 
of the distortion which is liable to occur during the process 
of drying in the French method, but at first cell differentiation 
will be found a matter of considerable difficulty. 

The Fuchs-Rosenthal method has received a thorough test- 
ing during the last dozen years, and it may safely be said 
that it is facile prince ps among methods of cell counting. 
One of its great advantages is that the smallest quantity of 
fluid will suffice. This is a point of considerable importance 
in such conditions as tumor of the brain where the withdrawal 
of any large amount of fluid may be quite inadmissible. 

Another great practical advantage is that it can be carried 
out at the bedside. Indeed the sooner the count is made 
after withdrawal of the fluid the better, as sedimentation oc- 
curs rapidly, and the cells are liable to adhere to the sides 
of the tube. 

THE CELL COUNT 

Whatever method be used, the interpretation of the find- 
ings is of primary importance. A normal and a pathological 
limit can be fixed, but between these two there comes a boun- 
dary zone in which the laboratory findings must be read in the 
light of the clinical facts. The numbers in the French and 
counting chamber methods correspond closely. From 1 to 5 
cells per c. mm. or in an average field may be taken as normal, 
and anything above 10 cells as abnormal. Between these there 
is the boundary or indefinite zone, in which a definite opinion 
can often not be expressed. In such cases it may be wise 
to perform a second puncture a day or two later. 

The highest counts are obtained in acute suppurative men- 
ingitis, in which there may be many thousands of cells per 
c. mm. Early cases of tabes dorsalis and general paresis may 
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give a count of a hundred or more. As the disease progresses 
the count tends to fall and in advanced cases of paresis it may 
not be more than 10 or 20. An ordinary case of tabes as a rule 
gives a count of under 100, but often the figure is very much 
smaller. Active cerebrospinal syphilis especially the meningi- 
tic form is sometimes associated with an extremely high count, 
in some cases there being sevenal thousand cells present. In 
that form of the disease, however, in which endarteritis is the 
chief feature there may be little or no pleocytosis. One of the 
most constant signs of tuberculous meningitis is a cerebro- 
spinal lymphocytosis, often between 100 and 200, but in some 
cases so low as to cause grave doubt regarding the diagnosis. 
In the earliest stages of poliomyelitis there is a constant 
pleocytosis, and a moderate increase may occur in encephalitis 
lethargica. 

An increase in cells may thus occur in the following condi- 
tions: acute suppurative meningitis, tuberculous meningitis, 
acute anterior poliomyelitis, encephalitis lethargica, general 
paresis, tabes, cerebrospinal syphilis, cerebral abscess, cerebral 
haemorrhage, cerebral tumor (rarely and only when cortical), 
herpes zoster, mumps, sleeping sickness, cysticercus cellulose of 
the central nervous system, and in certain mental conditions 
which will be discussed later. From this brief survey it will 
be seen that a marked pleocytosis is a sign of great diagnostic 
value, but that borderline results must be accepted with caution, 
and are to be interpreted in the light of the clinical findings. 

It is not, however, in diagnosis alone that observations on 
the cell count are of value. As an index to the success of 
treatment they are often invaluable. The pleocytosis is the 
first of the pathological signs to give way to treatment in 
cerebrospinal syphilis, and in meningitis the behavior of the 
cells may have great prognostic importance. 

CELL DIFFERENTIATION 

It has already been remarked that sufficient importance has 
not been attached to the differential study of the various kinds 
of cells present. This is largely due to difficulties of technic. 
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The ordinary method of drying a film in the air and staining 
only gives differentiation sufficient, as a rule, to distinguish 
between the polymorphonuclear and the lymphocytic series 
of cells. It shows none of those cells upon the recognition 
of which depends future progress in such questions as the 
mechanism of meningitic inflammation and the origin of the 
new cells. 

For this finer work of differentiation more refined methods 
are needed. In the Alzheimer method we have the method 
suited above all others for this particular purpose. It is not 
a bedside method, but if time and facilities are available, it is 
quite unequaled. 

The principle of the method is to precipitate the albumen 
of the fluid with alcohol. The cells are drawn down with 
the precipitate, and the resulting coagulum treated as a tissue 
and cut in celloidin. The cells are instantaneously fixed in the 
fluid, with no opportunity for becoming dried and distorted, 
as in the French method. The resulting cell picture, if the 
section is a good one, is remarkable for its variety and clear- 
ness. 

From 3 to 5 c.c of cerebrospinal fluid are mixed with an 
equal quantity of 96 per cent, alcohol as soon after withdrawal 
of the fluid as possible. If the albumen be much increased a 
dense cloud will form. If, however, there be no increase it 
is well to add a small amount of white of egg solution to the 
fluid in order to obtain the necessary precipitate. The tube 
is then centrifuged at a high speed for an hour, by the end 
of which time a firm circular coagulum will have formed at 
the bottom of the tube. Scattered throughout this coagulum 
are the fixed cells. The fluid is decanted, and the coagulum 
hardened with absolute alcohol, alcohol and ether, and pure 
ether. It is best to allow each of these reagents to act for 
24 hours, but if time be a consideration a few hours may 
suffice. 

When the ether has been decanted it will probably be found 
that the hardened coagulum has shrunk slightly from the sides 
of the tube, so that it is possible to detach it from the bottom 



66 PHYSIOLOGY AND PATHOLOGY OF THE CEREBROSPINAL FLUID 

by means of a platinum loop or a very fine glass rod. This 
manipulation requires care and varies considerably in diffi- 
culty. In many cases a mere tap on the bottom of the tube 
may suffice to remove the coagulum. In other cases, however, 
it is so soft that it is almost impossible to detach it without 
causing serious damage. I have found the greatest trouble 
in purulent fluids in which the coagulum although very large 
may be extremely soft. In such a condition as tabes, on the 
other hand, the coagulum is firm and compact and very easy 
to manipulate. 

The detached coagulum is shaken out into the palm of the 
hand, and placed first in thin and then in thick celloidin. It 
should be left in each solution for at least three days, but may 
with advantage remain much longer. Finally it is mounted 
on a wooden block, covered with thick celloidin, and cut on 
a Jung microtome. The celloidin is removed with absolute 
alcohol and ether and the sections passed through 80 per 
cent, alcohol and distilled water into Pappenheim's pyr- 
onin-methyl green stain. This has the following composition : 

Pyronin . . 0.25 

Methyl green 0.30 

Alcohol 96 per cent. . . . 2.50 

Glycerin 20.00 

Carbolic acid 5 per cent. 100.00 

The sections are kept in this stain in the water bath at 40 C 
for 5 minutes. Excess stain is removed with distilled water. 
Differentiate in absolute alcohol till no more stain comes 
away. Clear in xylol and mount in balsam. 

Pappenheim's stain is a difficult one to prepare, and I have 
found it preferable to work with the preparation supplied by 
Griibler. Unna's polychrome methylene blue gives an excel- 
lent picture, but with it the cells do not show some of the 
differential characteristics obtained with the Pappenheim stain. 



CYTOLOGY 67 

THE NATURE OF THE CELLS 

With the French method it is not as a rule possible to do 
more than differentiate between the polymorphonuclear cell, 
the small lymphocyte and the large lymphocyte. By Alzheim- 
er's method, however, cells can be distinguished which were not 
formerly known to occur in the cerebrospinal fluid. In such 
a condition as general paresis the variety of cells may be truly 
bewildering. Indeed there is a tendency, especially on the 
part of German writers, to multiply types and names to an ex- 
tent which it is very improbable that future work will justify. 

The lymphocyte is the most important cell in the spinal 
fluid. In health it is the only variety besides the endothelial 
cell which is found. In subacute and chronic inflammations 
of the meninges any increase of cells is mainly confined to the 
lymphocytes. Tuberculosis and syphilis afford examples of 
such conditions. 

The typical lymphocyte is a compact little cell rather smaller 
than a red blood corpuscle. It consists mainly of a nucleus. 
The nucleus stains intensely blue with Pappenhein's stain and 
shows a very characteristic peripheral or clock-face concentra- 
tion of the chromatic substance, although this appearance is 
not so marked as in the plasma cell. The cytoplasm is scanty, 
forming a narrow rim round the nucleus, and stains pink or 
red with pyronin. Some of the cells may be larger than a 
red blood corpuscle, and may then be called large lymphocytes. 

In disease conditions associated with increase in the number 
of lymphocytes it is common to meet with cells which stain 
poorly. These are probably lymphocytes which are under- 
going degeneration, and are no longer able to. take up the 
basic stain. In a fresh case of meningeal irritation almost 
all the cells take up the stain in the normal manner. After a 
number of weeks have elapsed, however, large numbers of 
these feebly staining degenerating cells may make their ap- 
pearance. They may be regarded as cells which have passed 
the hey-day of their youth, and are now in a condition of 
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senility. In some cases of lymphocytosis the cytoplasm of 
certain of the lymphocytes is elongated in one direction, giv- 
ing what has been called a tailed appearance to the cells. It 
is doubtful what importance should be attached to this pe- 
culiarity, or whether, as has been done, the cells should be 
placed in a separate group. The condition in which tailed 

» 

lymphocytes are most abundant is new growth of the brain. 
In this condition they may outnumber the ordinary form of 
lymphocyte. 

The endothelial cell can readily be distinguished from the 
lymphocyte. It is larger and the nucleus, which does not 
take on the intense stain so characteristic of the lymphocyte, 
is placed somewhat eccentrically and is usually indented or 
kidney-shaped, although in some cases it may be spherical. 
The nucleus does not show the clock 7 face arrangement of 
chromatin granules. It is probable that these cells originate 
from the lymph cells in the pia mater. In general paresis 
they are often present in considerable numbers, averaging 
about 10 per cent, of all the cells. This figure may be more 
than doubled in post-mortem fluids (Cotton and Ayer). 

Polymorphonuclear cells. — It is sometimes stated that the 
polymorph may occur in normal fluid, but I have never met 
with one, except in cases in which there was blood contamina- 
tion. With Pappenheim's stain the nucleus alone is visible. 
In order to demonstrate the cytoplasm it is best to make a 
film and stain it with one of the Romanowsky stains. In acute 
purulent meningitis there may be enormous numbers of poly- 
morphs, to the exclusion of all other cells. In tuberculous 
meningitis the proportion varies greatly, depending partly on 
the acuteness of the condition. As a rule they are greatly out- 
numbered by the lymphocytes, but occasionally the preponder- 
ating cell may be the polymorph. These cells are present in 
small numbers in general paresis. In acute exacerbations of 
the disease, and especially after convulsive seizures, there may 
be a marked increase, the proportion sometimes reaching 50 

per cent. 

The supremacy of the polymorph in acute meningitis only 
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■ the early and acute stages. As improvement sets 

lymphocytes and endothelial cells make their appearance 

5 eventually replace the polymorph completely. In one 

.■ of meningococcal meningitis the polymorphs at first 

inhered 96 per cent. After some weeks of serum treat- 

~nt the number fell to 50 per cent, and when the patient 

r recovered they had entirely disappeared, although there 

ained considerable numbers of lymphocytes and endothelial 

Plasma cells. — The plasma cell is larger than the lympho- 
vtc and of very characteristic appearance. It is rounded 
polygonal, often presenting a tailed appearance. The 
icleus is as a rule markedly eccentric, stains intensely 
Mue, and the clock-face arrangement of its chromatin 
9 even more marked than in the lymphocyte. The cytoplasm 
which is coarsely granular stains an intense red with pyro- 
nin. Indeed Pappenheim's stain is specific for these cells. 

The presence of plasma cells in the perivascular cellular in- 
filtration in the brain in general paresis is well known, but 
they had never been found in the cerebrospinal fluid until 
the introduction of the Alzheimer method made it possible to 
demonstrate them in nearly every case. At first it was 
claimed that these cells were absolutely pathognomonic of 
general paresis, but this position can no longer be maintained. 
Rehm and Hough have found them in cerebral syphilis, and 
Henderson in tabes dorsalis and tuberculous meningitis. 
They are therefore not typical of any one condition, but they 
have never been found in the normal fluid. 

Gitterzellen or lattice cells. — These are the largest cells 
found in the fluid, being at least 10 times as large as a lympho- 
cyte. The nucleus is large, usually eccentric in position, and 
does not stain very deeply. The cytoplasm is faintly stained 
p^^ and shows the characteristic vacuolation or lattice work. 
v Perhaps the cytoplasm may best be described as being foam- 
^"V ing in appearance. In some cases it appears to be converted 
into one great vascuole, and presents no structure whatever. 
These cells are never met with in the normal fluid. They are 
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very characteristic of general paresis, but have also been found 
in tuberculous meningitis. 

Phagocytes. — In a variety of morbid conditions it is cpm- 
mon to find large cells with cell inclusions. It is difficult to 
know whether these cells deserve to be grouped in a separate 
class. It may well be that they are merely endothelial cells 
which have taken on a phagocytic function. The cell in- 
clusions are generally degenerated lymphocytes or red blood 
corpuscles. 

Fibroblasts. — A sharply defined and characteristic variety 
of cell is the fibroblast, which occurs in small numbers in 
syphilitic infections of the central nervous system. It is a 
narrow elongated cell* similar in appearance to the fibroblast 
of connective tissue. The nucleus is elongated and stains 
somewhat faintly. The cytoplasm stains moderately deeply 
with pyronin. 

Many other subvarieties of cells have been named and 
classified, notably by Szecsi, who speaks of microlymphocytes, 
microlymphoidocytes, lymphoidocytes, plasma daughter cells, 
etc. Until our cytological knowledge is more advanced, how- 
ever, such minute subdivision only tends to confusion, and 
serves no useful purpose. 

ORIGIN OF THE CELLS 

No better example of the diametrically opposed views which 
are still held on many points regarding the cerebrospinal fluid 
could be afforded than the question of the origin of its cells. 
The two extremes are represented by Pappenheim, holding 
that all the cells come from the blood, and Szecsi, who main- 
tains that they are almost all derived from the tissues. 

As so commonly occurs in the history of science, it is 
probable that the truth lies midway between these extremes. 
It is obvious that certain cells must be hematogenous in origin. 
In a case of acute purulent meningitis the fluid is practically 
converted into pus. The enormous numbers of polymor- 
phonuclear leucocytes which it contains can certainly originate 
from nowhere but the blood. In response to an acute irritant 
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the vessels show the usual phenomena of inflammation, and 
emigration of leucocytes takes place just as in the case of 
acute inflammation elsewhere. 

The same is true for eosinophil leucocytes. Cases have 
been described of cysticercus cellulose infection of the central 
nervous system in which there was a marked eosinophilia both 
in the blood % and in the cerebrospinal fluid. Whatever be the 
true relation between infection by animal parasites and the 
appearance of an increased number of eosinophils, there is no 
reason to suppose that the eosinophils in the spinal fluid have 
been derived from any other source than the blood. 

On the other hand it by no means follows that because 
certain of the cells undoubtedly originate from the blood, all 
the cells must have a similar origin. In order to recognize the 
importance of a histogenous source it is only necessary to 
examine sections of brain from such diseases as general 
paresis and sleeping sickness. In both of these conditions the 
perivascular space in the affected areas is crowded with cells, 
mainly lymphocytes and plasma cells. These have arisen 
from the fixed cells of the tissue in response to the action of 
a -chronic irritant. They stand in intimate relation to the 
perivascular prolongations of the subarachnoid space. These 
tissue-derived cells have, therefore, the readiest access to the 
cerebrospinal fluid, and in conditions in which they undergo 
a pathological increase in number it would indeed be surpris- 
ing if they did not make their appearance in the fluid. The 
endothelial cells are, I believe, derived from the endothelial 
lining of the perivascular lymphatics. The fibroblasts, again, 
are cells which can have but one origin, namely from the 
tissues. 

In discussing this question, however, there is one point 
which must not be overlooked. Cells passing from the blood 
into the cerebrospinal fluid find themselves in a very different 
environment, and considerable changes of an adaptive or de- 
generative nature may occur in their morphology, so that they 
' may lose all resemblance to their former selves. This is a 
point deserving of further investigation. 
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CHAPTER XI 
WASSERMANN REACTION 

The theory on which the Wassermann reaction was origin- 
ally based, namely, the Bordet-Gengou phenomenon, is com- 
paratively simple. When an antigen, such as a microorgan- 
ism or red blood cell, is brought into contact with its cor- 
responding antibody in the presence of complement, union 
between these three substances takes place, and the complement 
is no longer free to enter into another combination. 

Five substances are used in the test : — Complement and two 
sets of antigen and antibody. The antibody is commonly re- 
ferred to as amboceptor. The first antigen-amboceptor com- 
plex may be called the reacting set, for to it the complement 
is added with the object of testing whether union of the 
three will occur. Should any of the three be absent no re- 
action will take place, and the complement will be free to 
enter into another combination. Of these three bodies in 
the test tube only one is unknown. The syphilitic antigen 
and the complement are supplied in every case, but the pa- 
tient's serum may or may not contain the syphilitic ambo- 
ceptor. If it does, union will occur, and complement will be 
bound. If it does not, complement will remain free. 

In either case, however, no outward or visible sign, will 
have occurred in the clear fluid in the test tube. An indi- 
cator must therefore be added. The second antigen-ambo- 
ceptor set may be called the indicator set, for by means of 
it we may readily determine whether complement has been 
bound or still remains free in the tube. 

The indicator antigen consists of the red blood cells of a 
sheep. The indicator amboceptor is the blood serum of a 
rabbit, which has been sensitized against the sheep's red cells 

n 
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by repeated injection. As long as there is no complement 
in the indicator set, no haemolysis will occur, but when com- 
plement is added in correct proportion union and haemolysis 
will readily take place. In the indicator we have, then, a 
ready means of determining the presence or absence of free 
complement, and thus the presence or absence of the syphilitic 
amboceptor in the patient's serum. 

In short, the complement is first given the opportunity of 
combining with the reacting set. It is then offered the in- 
dicator. The result of this second offer is shown by the 
presence or absence of haemolysis. 

It is now known that the reaction is not a specific one for 
the spirochaeta pallida, but is rather an indication that the 
serum examined possesses the property of entering into a firm 
combination with complement in the presence of certain sub- 
stances of a lipoid nature, which may be used as an antigen. 
Although, however, the theoretical foundation has been cut 
away so that the reaction now hangs, as has been said, like 
Mahomet's coffin in the air, it has not on that account lost 
one iota of its practical value. 

Many modifications have been introduced from time to time, 
mostly with the object of simplifying the technic. Simplicity, 
however, may be bought too dearly, when the price to be 
paid is loss of reliability. The Wassermann reaction is at 
present essentially a laboratory procedure, and there is as yet 
no indication that it is on the high road to become a method 
for the bedside or even for the office. 

The only two valuable modifications of the original method 
are the substitution of an antigen of human heart reenforced 
with cholesterin for the original syphilitic liver, and the use 
of larger quantities of cerebrospinal fluid. Mcintosh and 
Fildes in an exhaustive investigation of the subject in 19 13 
showed that both for neurological and general work the choles- 
terinised heart antigen was superior to every other, and sub- 
sequent work has confirmed this estimate. This antigen con- 
sists of a mixture of 3 parts of alcoholic heart extract with 
2 parts of a 1 per cent, alcoholic solution of cholesterin. 
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The Wassermann test may be applied to the spinal fluid 
as readily as to the blood serum, but certain differences in the 
two cases must be taken into consideration. The spinal fluid 
is tested for the presence of syphilitic amboceptor. If such 
is present it is a proof that syphilitic infection of the central 
nervous system has occurred. Systemic syphilis not involving 
the nervous system produces no change in the spinal fluid. 

When blood serum is used it is inactivated by heat, partly 
to destroy its complement, partly to remove non-specific sub- 
stances, which sometimes give a false inhibition. Plaut in 
his Handbook says that the spinal fluid must also be heated. 
Mcintosh and Fildes came to the conclusion from their work 
on the subject that the process of inactivation had little if any 
effect on the specific reacting substance, whether occurring in 
the blood or the fluid. In general paresis and tabes dorsalis 
the specific substance is the only one present, and the question 
of inactivation is not therefore of great importance. In active 
cases of cerebrospinal syphilis, however, other substances ap- 
pear in the fluid which tend to make the reaction stronger. 
These substances are thermolabile, and therefore disappear 
on inactivation. It is true that the action obtained owing to 
the presence of these thermolabile bodies is in a sense non- 
specific, but in practice this non-specificity may be disregarded. 
That is to say, an unheated fluid from a non-syphilitic case 
will never give a positive Wassermann reaction, and from the 
practical point of view that is all the specificity that can be 
desired. It is evident, therefore, that the test should always 
be performed on unheated fluid, and it is probable that if this 
precaution had been observed there would not have been the 
large number of negative results obtained by the earlier work- 
ers in cases of cerebrospinal syphilis. 

The amount of spinal fluid to be used is a subject regard- 
ing which considerable discussion has taken place. Mcintosh 
and Fildes recommend that only twice as much fluid as serum 
should be used. The largest amount of fluid which they use 
is 0.2 c.c. In 191 1, however, Hauptmann introduced his 
" Auswertungsmethode/' in which increasing quantities up to 
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i.o c.c. of fluid are used. Although this practice has been 
severely condemned in some quarters, there can be no question 
that it represents a great advance in the application of the 
Wassermann test to the spinal fluid. For by means of it it 
is now possible to obtain positive results in the great majority 
of cases of cerebrospinal syphilis and tabes dorsalis, and all 
the work which has been done up to the present goes to prove 
that with careful technic, including titration of complement 
and amboceptor, there will be no non-specific results. 

In my own work I employ five times as much spinal fluid as 
blood serum. It is very important, however, always to set up a 
control to which no antigen has been added, so that any non- 
specific inhibitory action of the large amount of fluid may be 
readily detected. The method has its greatest use in the esti- 
mation of the effect of treatment. At the commencement of 
treatment the reaction may be positive with 0.05 c.c. then with 
0.1 c.c. and finally there may be a negative result with 1.0 c.c. 
In such a case the physician feels that he really has produced 
some improvement in his patient. In many cases of neuro- 
syphilis it will be found that no reaction is obtained with 0.1 c.c. 
or 0.2 c.c, but a well marked reaction with 1.0 c.c. In studying 
statistics of results it is very necessary, therefore, to know 
what quantity of fluid has been used. The large quantities 
are not of value in differentiating between different varieties 
of neurosyphilis, as between cerebrospinal syphilis and paresis. 
For such a purpose, only 0.1 or 0.2 c.c. should be employed. 
In every case, then, 1.0 c.c. of fluid should be used, but also 
decreasing quantities down to 0.05 or 0.25 c.c. Only in this 
way can a true and just estimate of the condition of the fluid 
be obtained. 

THE RESULTS OF THE REACTION 

Although the theoretical basis for the specificity of the 
reaction can no longer be maintained, each year sees the 
practical value of the test more thoroughly established. In 
the case of the serum there are certain conditions in which 
there may be ambiguity. The only conditions, however, in 
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which a positive reaction has ever been found in a non- 
syphilitic spinal fluid are leprosy and sleeping sickness, neither 
of which need be considered from the standpoint of ordinary 
practice. 

The results of the test in the various forms of neuro- 
syphilis will be discussed in a later chapter. A few general 
conclusions may, however, be stated. The reaction is ex- 
tremely constant and very intense in the blood and spinal 
fluid in paresis. No other condition gives so strong a re- 
action in the fluid. It is positive in at least 96 per cent, of 
cases. Very rarely there may be a positive reaction in the 
fluid, but not in the blood, or vice versa. Tabes gives a lower 
proportion of positive results. With 0.2 c.c. of fluid not more 
than 60 per cent, will be found positive, although a few work- 
ers, such as Mcintosh and Fildes, report higher figures. 
When 1.0 c.c. of fluid is used the results will nearly approach 
those of paresis, especially when both the blood and the spinal 
fluid are taken into consideration. For in tabes it is not at 
all uncommon to find that the blood alone or die fluid alone 
gives a positive reaction. In a suspected case, therefore, 
a. negative result in the blood should always be followed by 
an examination of the spinal fluid. Cerebrospinal syphilis 
generally gives a positive reaction in the blood, but often a 
negative one in the fluid. Here again, however, the reaction 
will be more constant if the larger amounts of fluid are used. 
With 0.2 c.c. only about 30 per cent, of the cases are positive. 
Finally, cases of syphilis which show no evidence of involve- 
ment of the central nervous system may give a positive re- 
action in the spinal fluid if 1.0 or even 2.0 c.c. be used. In 
such cases the smaller quantities will always give a negative 
result. Although in these cases there is no clinical evidence 
of a syphilitic infection of the nervous system, pathological 
evidence is supplied by the presence of cellular and protein 
changes in the spinal fluid, and the characteristic histological 
lesions will be found at autopsy. 
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CHAPTER XII 
THE COLLOIDAL GOLD REACTION OF LANGE 

The colloidal gold reaction was primarily intended to show 
variations in the protein content of the cerebrospinal fluid, 
but it is considered apart from the other reactions for protein, 
partly because of the peculiar nature of the reaction, the exact 
mechanism of which is still undetermined, and partly because 
of the very special nature of the technic. 

The reaction arose out of the researches of Zsigmondy, 
who in 1901 discovered that solutions of proteins protect col- 
loidal solutions of gold and other metals from being pre- 
cipitated by electrolytes, the degree of protection being cap- 
able of being expressed numerically. Lange in 19 12 at- 
tempted to apply this method to the cerebrospinal fluid in order 
to determine the amount of protein present. He found, how- 
ever, that the protein not only did not protect the colloid, but 
actually facilitated its precipitation. Using a series of dilu- 
tions of spinal fluid containing an increased amount of pro- 
tein he obtained a maximum reaction sometimes with one di- 
lution, sometimes with another. The cases giving a maximum 
reaction with one dilution were found to fall into one clinical 
class, while those which gave a maximum reaction with an- 
other dilution fell into another clinical class. The reaction was 
not dependent on the quantity of protein present. 

Thus the reaction is of value for differentiating one patho- 
logical condition from another, rather than, as was first ex- 
pected, for making a quantitative determination of the pro- 
tein. 

The technic is one which demands a considerable amount 
of care, the chief difficulty being the preparation of the col- 
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loidal gold solution. This, however, can be overcome if the 
requisite precautions are taken in handling the glassware and 
in preparing the distilled water. 

Preparation of the Colloidal Gold Solution. — In a liter 
flask is placed 500 c.c. of fresh doubly distilled water. The 
flasks, of the best Jena glass, must be thoroughly washed out 
with strong H CI, followed by distilled water, and sterilized by 
hot air for half an hour. All glassware used should be treated 
in the same manner. The distilled water must be prepared in 
a sterile all-glass condenser, and must not be allowed to come 
in contact with any rubber connections, nor allowed to stand 
more than a couple of hours. The preparation of the distilled 
water is the most important part of the technic, and unless the 
above precautions be taken a satisfactory solution will not be 
obtained. 

The water is heated to 6o° C, and 5 c.c. of a 2 per cent, 
solution of potassium carbonate are added, followed immedi- 
ately by 5 c.c. of a 1 per cent, solution of gold chloride. The 
solution is now rapidly heated with the aid of several Bunsen 
burners, and the moment the first bubbles appear the flame is 
removed, and 5 c.c. of a 1 per cent, solution of formalin are 
added, the contents of the flask being rapidly rotated. 

The gold is at once reduced to a colloidal state, and the 
colorless fluid changes to a deep cherry red. The fluid should 
be absolutely clear and transparent. The appearance of the 
slightest translucency or fluorescence indicates some fault in 
the preparation. After the fluid has stood for a few days 
there should be no bluish deposit on the sides of the flask. 
Finally the solution should be tested against the spinal fluid 
of a known general paretic, and ought to give the typical 
reaction in the " paretic zone/' that is to say complete Aus- 
flockung, in the first 4 or 5 tubes. 

Technic of the Test. — A series of 10 test tubes is set up. 
In the first tube place 1.8 c.c. of 0.4 per cent, salt solution. 
It is well to prepare this dilution freshly from a stock 10 per 
cent, solution. In each of the other tubes place I CC» of the 
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salt solution. To the first tube is added 0.2 c.c. of spinal 
fluid, and thoroughly mixed, a 1 in 10 dilution being thus ob- 
tained. Transfer 1 c.c. of fluid from the first to the second 
tube, thus getting a dilution of 1 in 20. This procedure is 
repeated for each tube till a series of 10 dilutions is obtained, 
ranging from 1 in 10 to 1 in 5120. To each tube is now 
added 5 c.c. of colloidal gold, and mixed with the fluid as 
rapidly as possible. The test may be read after 5 minutes, 
but it is better to allow the tubes to stand at room temperature 
12. hours. 

The result is expressed in figures or in the form of a curve, 
not merely as positive or negative. The red color may remain 
unchanged, or there may be complete decolorization due to 
complete precipitation of the colloidal gold. Between these 
two extremes there may be varying grades of blue and red 
to which a numerical value is attached as follows : 

Colorless 5 

Blue 4 

Violet 3 

Red blue 2 

Slight change in the red 1 

Red .: o 

The color change, if any, may be most marked in the lower 
dilutions, in the middle dilutions, or in the higher dilutions. 
The position of the maximum change in the series of dilutions 
is of equal importance with the color change itself, and for 
this reason the result is best represented by a curve, or it may 
be expressed as a series of 10 numbers in which the degree of 
change is represented by the numbers o to 5. Thus if no 
change occurred in any tube the result would be 0000000000, 
whereas if complete reduction occurred in the first 3 tubes but 
no change in the remaining ones it would be 5550000000. 

If expressed graphically the following curves would be ob- 
tained : 



\ 
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Reduction in first three tubes. 



Two reactions occurring with sufficient frequency to merit 
the term characteristic have so far been found, the menmgitic 
zone reaction and the paretic zone reaction. 

In a typical meningitic reaction no change occurs with the 
low dilutions, but in the higher dilutions there may be marked 
precipitation. This phenomenon has been termed by Lange 
" Verschiebung nach oben," and is illustrated by the following 
curve : — 
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Acute meningitis. 
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The paretic curve occurring in general paresis is the most 
important and characteristic of the reactions. There is com- 
plete precipitation in the paretic zone, namely the first 3, 4 or 
5 tubes, followed by an abrupt drop to zero. The following 
is a typical example : — 
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General paresis. 



In tabes dorsalis and cerebrospinal syphilis if a reaction 
occurs at all it does so in the mid-zone, is moderate 
in degree, and is readily distinguished from that of general 
paresis. It may be that further work will make modification 
of these statements necessary, but at present there is every 
reason to believe that the colloidal gold test is a valuable means 
for differentiating general paresis from other syphilitic af- 
fections of the nervous system. In these other conditions the 
curve in the mid-zone has been considered sufficiently char- 
acteristic to earn the title " luetic curve." Grulee and Moody 
found a similar result in a series of cases of congenital syphilis. 

It may thus be said that, speaking generally, a marked re- 
action in the first zone is extremely characteristic of general 
paresis; one in the mid-zone suggests nervous syphilis, and 
one in the end zone acute meningitis. Of these the least 
reliable are the mid-zone results. 

The curve in general paresis corresponds closely with the 
positive Wassermann reaction in that condition, but that the 
two reactions are not dependent on the same substance has 
been demonstrated by Weston. 
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THE MASTIC TEST 

The colloidal gold test, although exquisitely sensitive, is 
undoubtedly a difficult one to carry out in practice. The gold 
chloride solution may be prepared five times, using exactly the 
same technic on each occasion with eminently satisfactory 
results, and yet the sixth attempt, carried out in precisely the 
same way, may result in complete failure. 

On account of this difficulty several attempts have been 
made to employ other colloids which would be simpler to pre- 
pare. Of these the emulsion of mastic introduced by Emanuel 
for the purpose has proved the most succesful. At first the 
emulsion was too sensitive, for precipitation took place when 
it was mixed with salt solution, apart from the presence of a 
pathological spinal fluid. Cutting has suggested the addition 
of a very dilute solution of potassium carbonate to the saline, 
and certainly this prevents any precipitation of mastic except 
in the presence of a pathological spinal fluid. The test is still 
in its infancy, but controls made with the colloidal gold method 
lead us to believe that in the mastic test we have a simple 
and valuable method for estimating the effect of pathological 
spinal fluids upon colloidal solutions. 

The test is conveniently performed as follows: A stock 
solution of 10 gm. of gum mastic in ioo c.c. of absolute 
alcohol is made up, and may be kept indefinitely. Of this stock 
solution 2 c.c. is diluted with 8 c.c. of absolute alcohol and 
mixed rapidly with 8o c.c. of distilled water. To 99 c.c. of 
a 1.25 per cent, solution of sodium chloride in distilled water 
is added 1 c.c. of a 0.5 per cent, solution of potassium car- 
bonate in distilled water. 

In a series of 6 small test tubes place the combined salt and 
carbonate solution, 1.5 c.c. in the first tube, and 1 c.c. in the 
other tubes. To the first tube is added o.5 c.c. of cerebrospinal 
fluid, and then 1 c.c. is transferred from each tube to the next 
in the series in the usual way, the last cubic centimeter being 
thrown away. To each tube 1 c.c. of the prepared mastic 
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Fli;. 5. Mastic test in General Paresis, showing precipe 
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solution is added and well stirred, the tubes are incubated, and 
read next morning. (Fig. 5.) 

In positive cases a complete precipitation of the mastic oc- 
curs in a given number of tubes, and the results are re<td in 
the same way as in the colloidal gold test. When precipitation 
is complete the fluid becomes perfectly clear, and there is a 
heavy white deposit at the bottom of the tube. 
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CHAPTER XIII 
BACTERIOLOGICAL METHODS 

It is by no means necessary to make a bacteriological exami- 
nation of every spinal fluid withdrawn. Where, however, it 
is intended to make such an examination — in cases where 
an acute bacterial infection of the meninges is suspected — 
special precautions must be observed in withdrawing the fluid. 
The needle and skin must, of course, be very thoroughly 
sterilized. The fluid should be collected in at least two sterile 
tubes. 

Special care should be exercised to prevent contamination 
of the fluid at the point where it issues from the needle. It 
is best if possible to have a special needle carrying a stout 
stilette with an expanded extremity which is grasped by the 
hand when the puncture is being made, and is subsequently 
withdrawn. By this means the fingers do not come in con- 
tact with the point at which the fluid issues. Even more con- 
venient is the form of needle in which there is a solid handle 
from which the continuation of the hollow part branches off in 
a gentle curve. If neither of these forms are available, the 
needle may be held in a piece of sterile gauze, and the first 
few drops of fluid allowed to escape before the collection is 
begun. 

The fluid in one tube is centrifuged, and films made from 
the centrifuged deposit. If the fluid is at all purulent centri- 
fuging will not be necessary. The films are stained with 
methylene blue and examined for microorganisms. In tuber- 
culous meningitis a delicate skein usually forms which hangs 
down from the surface of the fluid provided that the latter is 
not agitated. The best method of detecting the tubercle 
bacillus is to spread this skein out on a slide and stain it by 

the Ziehl-Neelson method. 
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In streptococcal and pneumococcal meningitis the infecting 
organism will usually be found in the direct smears. In men- 
ingococcal cases, however, none may be detected even after 
prolonged search, but if the fluid be placed in the incubator 
over night considerable numbers of meningococci may make 
their appearance. This device will also be found to give a 
larger number of positive cultures from fluids in which the 
organisms are present in very small numbers. 

The second specimen of fluid is to be used for cultufal 
purposes. Cultures may be made on blood serum or ordinary 
agar, but the best all-round medium is undoubtedly blood agar, 
recommended by Schottmiiller, on which any of the organisms 
of meningitis will grow readily and in characteristic fashion. 
The tubes or plates should be incubated for at least 48 hours 
before a negative result is reported. Blood agar will be found 
especially useful when dealing with such a condition as in- 
fluenzal meningitis. In doubtful cases of tuberculous men- 
ingitis in which no bacilli can be detected in the smears a 
guinea pig should be inoculated with the centrifuged deposit. 
The time required for signs of tuberculosis to manifest them- 
selves in the animal may be shortened by first exposing it to 
the X-rays. 
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CHAPTER XIV 
MENINGITIS 

The subarachnoid space is so thoroughly shut off from the 
general circulation, and so efficiently guarded from injurious 
agents which may be circulating in the blood, that hemato- 
genous ihfection of the meninges is comparatively uncommon. 
In the immediate vicinity, however, are such cavities as the 
naso-pharynx, the sinuses of the nose and skull, and the mid- 
dle ear, cavities either septic in themselves, or very liable to 
become so. Infection may spread from these areas to the 
meninges, all the more readily because of the various nerves 
passing from the inside to the outside of the cranial cavity, 
nerves which are accompanied by lymphatic vessels which 
form a natural route for an ascending infection. 

The examination of the cerebrospinal fluid has thrown light 
upon many obscure conditions in clinical medicine, but it is 
in acute meningitis that it has proved of the greatest value, 
both as regards diagnosis and treatment. For no diagnosis 
of meningitis can be accepted nowadajis unless the cerebro- 
spinal fluid has been examined, and many an obscure case has 
only been shown to be really one of meningitis when a lumbar 
puncture has been done. 

Almost every known pathogenic microorganism has been 
described as occurring in meningitis, but only four are found 
with any degree of frequency. These are the meningococcus, 
the pneumococcus, and the tubercle bacillus. 

Although the vast majority of cases of meningitis are or- 
ganismal in origin, it must be remembered that acute inflam- 
mation of the meninges may be due to a non-bacterial irritant. 
Thus Purves Stewart produced an inflammatory reaction ac- 
companied by characteristic polynuclear leucocytosis in the 
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fluid by the simple injection of sterile salt solution or a sterile 
emulsion of colored particles into the subarachnoid space. 
This is a fact of considerable importance in these days when 
all sorts and conditions of substances are being injected into 
the spinal canal. That the irritative effects of such injec- 
tions may be by no means negligible is shown by the observa- 
tions of Ingleton on the results produced by the intrathecal 
injection of anti tetanic serum. The spinal fluid was examined 
before injection of the serum and again 2 hours later. In 
every case a well marked cellular reaction was observed, the 
cells averaging 400 per c.mm. with over 95 per cent, of poly- 
morphs. In one case as many as 1600 cells were present. 
The fluid was always found to be sterile. All cases coming to 
autopsy showed a definite aseptic meningitis of varying de- 
grees of intensity. 

MENINGOCOCCAL MENINGITIS 

The diplococcus intracellularis meningitidis of Weichsel- 
baum is the most common invader of the subarachnoid space. 
In appearance it closely resembles the gonococcus, but can be 
distinguished from that organism by its cultural character- 
istics and by agglutination and complement fixation tests. It 
occurs in pairs, the opposing surfaces usually being somewhat 
flattened. Occasionally it is seen in the form of tetrads. It is 
negative to Gram's stain. 

In the spinal fluid the organism is mainly intracellular, be- 
ing found within the polymorphonuclear leucocytes, but it 
also occurs free in the fluid. The mere fact that the cocci 
have been ingested by leucocytes does not prove that the or- 
ganisms are being digested and are no longer viable, for it 
has been shown that living germs may be recovered from 
such leucocytes. It has been suggested that leucocytes may 
in this way act as carriers of infection from the nose to the 
central nervous system. The numbers vary greatly. The 
leucocytes may be crowded with cocci, presenting the appear- 
ance seen in a film of gonorrhoeal pus. On the other hand a 
prolonged search may be necessary before a single pair c^n 
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be discovered. A case of meningitis with purulent fluid in 
which no organisms can be found is probably one of men- 
ingococcal infection. 

Although by no means a universal rule it will generally be 
found that the number of organisms bears some relation to 
the severity of the infection. In mild cases and in the chronic 
post-basic type the numbers may be extremely small. As im- 
provement sets in the meningococci diminish in numbers, be- 
coming more and more intracellular, and finally disappearing 
altogether. It must be remembered, however, that the find- 
ings in the fluid withdrawn by lumbar puncture may not always 
afford a true indication of the pathological changes present. 
Carnegie Dickson has reported cases in which the organisms 
gradually disappeared from the spinal fluid, without any cor- 
responding improvement on the part of the patient. The ex- 
planation was afforded by post-mortem examination, where it 
was found that the communication between the ventricles and 
the subarachnoid space had been cut off. The fluid in the 
ventricles was extremely purulent, and contained meningococci 
in such numbers as to suggest the appearance of a culture of 
the organism. 

On the other hand the presence of meningococci in the 
cerebrospinal fluid is not an incontestable proof that a condi- 
tion of meningitis is present. For meningococcal meningitis 
is merely one aspect of the more general condition cerebro- 
spinal fever, and the septicaemia may be so acute that the pa- 
tient dies before meningitic changes have had time to occur. 
As Horder points out, " it is the cytology and the chemistry 
of the fluid, rather than its bacterial content, which determine 
the question whether or no meningitis is present/ ' 

Every effort to demonstrate the meningococcus in smears 
from the fluid should always be made, for in no condition is 
successful treatment so dependent on early diagnosis. When 
these efforts are unsuccessful, however, cultures are to be made 
on suitable media. Such media should contain some animal 
protein, since primary cultures do not readily grow on the 
ordinary laboratory media. One of the most suitable media 
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for general work is blood agar, as recommended by Schott- 
muller. Nasgar (nutrose ascitic agar) has been extensively 
used by English workers. 

The organism grows best at 37 C, and growth fails to take 
place at a temperature below 25 ° C. One of the readiest 
methods of distinguishing the meningococcus from the other 
Gram-negative organisms which occur in conjunction with it 
in the naso-pharynx is to keep the cultures at room temper- 
ature. Any Gram-negative cocci which grow are certainly 
not the meningococcus. 

Although the meningococcus is accepted by most authorities 
as the sole and sufficient cause of cerebrospinal meningitis, the 
results of some recent workers are such that it is still neces- 
sary to keep an open mind on the subject. Hort in particular 
has recently published a series of papers in which he expresses 
the opinion that the disease is caused by a pleomorphic or- 
ganism of which the meningococcus is merely one phase, and 
that not the infectious phase. The matter is still too inde- 
terminate, however, to justify further discussion here. 

It is at least certain that different strains of meningococci 
exist. Agglutination tests with antisera have definitely 
separated the para-meningococcus of Dopter from the men- 
ingococcus, and there is already sufficient evidence to indicate 
that the meningococcus itself can be divided into 3 or 4 types, 
just as has been done in the case of the pneumococcus. 

Character of the Cerebrospinal Fluid. — The appearance 
of the fluid varies with the intensity of the infection, the stage 
at which lumbar puncture is done, and with other factors of 
which we have as yet imperfect knowledge. 

The pressure is almost invariably raised, but sometimes not 
to any great extent. As high a figure as 650 mm. of water 
has been recorded. In the chronic stage communication with 
the ventricle may become blocked, with a resulting low pres- 
sure of fluid. 

The fluid may be opalescent, cloudy, or turbid. In the ear- 
liest stages, however, it may be quite clear. Amongst British 
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soldiers in France I have on more than one occasion found 
the fluid clear one day, but quite turbid on the next. This 
lack of turbidity in the early stages must not, therefore, be 
allowed to lead one astray. As convalescence sets in the fluid 
gradually clears up. 

Carnegie Dickson has pointed out one source of error which 
it is well to bear in mind. In a number of non-meningococcal 
cases (tuberculous and syphilitic meningitis) anti-meningo- 
coccal serum had been administered before the case was sent 
to the hospital. Lumbar puncture subsequent to admission 
revealed a fluid identical with that of meningococcal meningi- 
tis as regards turbidity of the fluid, overwhelming preponder- 
ance of polymorphs, etc. When the specimen of fluid with- 
drawn before admission was obtained an entirely different 
picture was presented. This " serum reaction " is similar to 
that already described as following the use of anti-tetanic 
serum. 

The protein content of the fluid is invariably high. Glo- 
bulin is greatly increased and albumen may be present in con- 
siderable amount. The protein usually exceeds 0.3 per cent, 
and may reach as high as 0.8 per cent. 

The sugar is always diminished, and may be altogether ab- 
sent. The disappearance of the sugar is mainly due to the 
fermentation action of the meningococcus upon glucose. I 
have examined the fluid from cases of cerebrospinal meningitis 
in which there were very few meningococci, and which gave 
a good reduction of Fehling's solution. By incubating the 
fluid over night the number of organisms was enormously in- 
creased, and there was a coincident disappearance of glucose 
from the fluid. Many authors minimize the importance of 
examining for sugar in meningitis. Personally I regard it 
as a useful bedside method which can be carried out by the 
physician at the time of the puncture. With a purulent 
fluid it is of course unnecessary, but in the case of a com- 
paratively clear fluid it may well serve to help to differentiate 
an acute meningitis from other conditions simulating it. The 
behavior of the sugar may furnish valuable information re- 
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garding the progress of the case. The sugar reappears about 
the fourth or fifth day in favorable cases, but disappears 
again if a relapse supervenes. It is sometimes difficult to dis- 
tinguish between a true relapse and a reaction due to the use 
of antimeningococcal serum. In such cases sugar estimation 
is of great value, for in the serum reaction it will show no 
alteration. 

The most striking feature of the cerebrospinal fluid in all 
forms of acute meningitis is the cytological change which is 
invariably found. The type of cell depends on a number of 
factors, such as the nature of the irritant, the intensity of the 
infection, and the stage of the disease. In cerebrospinal men- 
ingitis the polymorphonuclear leucocyte is the preponderating 
cell in the great majority of cases when first seen. From 
the few observations on record, however, it appears probable 
that the earliest cell to appear is the lymphocyte, but by the 
time that the ordinary case is seen by the physician the fluid 
is flooded with polymorphs, which may constitute 90 per cent, 
or more of the total cell count. 

In a case in which lumbar puncture is performed every day 
for therapeutic purposes it is very instructive to watch the 
gradual change which comes over the cytological picture. In 
a case which is going to recover the polymorphs gradually 
diminish in number, their place being taken by large mon- 
onuclear phagocytic cells. The polymorphs lose their staining 
power and become disintegrated, and in the late stages of 
convalescence the large mononuclears also stain faintly, their 
place being taken by small lymphocytes. It is said that in 
post-basic meningitis the chief type of cell is the small 
lymphocyte. 

In cases where no organism can be found the precipito- 
reaction of Vincent and Bellot may be tried. This is an in- 
dication not, probably, of antibodies but of autolysate of the 
meningococcus, produced by the disintegration of the bodies 
of the organisms. To a small quantity of antimeningococcal 
serum is added from 10 to 20 times the amount of cerebro- 
spinal fluid, which has first been thoroughly centrifuged. The 
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fluid must be perfectly fresh. The tube is stoppered and 
placed in the incubator overnight. A turbidity or opalescence 
indicates a positive reaction. A control consisting of spinal 
fluid without serum should always be put up. 

Another test for fluid in which no organisms can be found, 
but one of which I have no experience, is that of V. Grysez, 
quoted by Heiman and Feldstein. A guinea-pig is inoculated 
intraspinally with 0.5 c.c. of cerebrospinal fluid. A lowering 
of temperature of from 4 to 8° C. occurs in a short time, 
and death usually takes place in from 2 to 24 hours if the 
case is one of meningococcal meningitis. 

PNEUMOCOCCAL MENINGITIS 

Of the ordinary pyogenic organisms the pneumococcus is 
the commonest invader of the cerebral meninges, and pneu- 
mococcal meningitis ranks third, after the meningococcal and 
tuberculous forms, in order of frequency. 

The infection may be primary or secondary. In the pri- 
mary form no other focus of infection can be found, but the 
meninges, especially over the vertex, are the seat of a wide- 
spread, yellowish-green, purulent exudate in which large 
numbers of pneumococci are present. The disease in the 
suddenness of its onset and in the extreme gravity of its nature 
bears a resemblance to pneumococcal peritonitis. The symp- 
toms often develpp with lightning rapidity, and the changes 
in the cerebrospinal fluid are equally sudden, the whole char- 
acter of the fluid sometimes undergoing a complete transforma- 
tion in 24 hours. 

In the secondary cases the primary focus may be found in 
a purulent otitis media, or in such a pulmonary condition as a 
localized empyema. The onset as a rule is not so acute, but 
the termination is the same as in the primary form. 

Opinion varies as to the frequency of meningitis as a com- 
plication of pneumonia. West found no case in a series of 
200, but Osier records 8 per cent, of cases at Montreal. In- 
vasion of the subarachnoid space by the pneumococcus is, how- 
ever, very much more frequent than the statistics regarding 
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meningitis would lead one to believe. Rohdenburg and Van- 
der Veer have established the fact that in a large number of 
fatal cases of pneumonia lumbar puncture will reveal the 
presence of pneumococci, although no meningitis may be pres- 
ent. In a series of cases examined irrespective of meningeal 
symptoms they found that in the cases which ultimately proved 
fatal pneumococci were obtained in culture in 87 per cent., 
. whereas in cases which recovered only 34 per cent, were posi- 
tive. The positive cases all gave a positive globulin reaction 
and an increased cell count. In only one case was the fluid 
purulent, and this was the only case with meningeal symptoms. 

In pneumococcal meningitis the fluid varies to an even 
greater extent than in the meningococcal form. The pres- 
sure is raised, the quantity of fluid increased, the protein con- 
tent greatly in excess, and the fluid may be highly purulent. 
On the other hand it may be so clear as to cause grave doubts 
as to whether a meningitis is present. I have withdrawn a 
fluid which to the naked eye was perfectly normal, but when 
a film was prepared from the uncentrifuged fluid it was 
found to contain large numbers of pneumococci. The case 
died a few days later of typical pneumococcal meningitis. 

Films are to be made from the fluid, and stained with 
methylene blue and with Gram's stain. The predominant cell 
is the polymorph, which is usually present in large numbers. 
Occasionally, especially in the early stages, lymphocytes may 
be numerous. Cultures should be made on blood agar, but 
the most characteristic morphological appearances are to be 
observed in the organisms in the smears. 

The spinal fluid often contains an increased amount of 
fibrin. In one case at the Winnipeg General Hospital the 
fluid, which was intensely blood stained, clotted into a solid 
jelly-like mass within 10 minutes of withdrawal. The clot was 
a sero-fibrinous one in which red corpuscles were entangled, 
and the phenomenon was certainly not due to the coagulation 
of blood already present in the fluid. Smears showed large 
numbers of capsulated diplococci, which on culture proved to 
be pneumococci. 
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STREPTOCOCCAL MENINGITIS 

Primary meningeal infection with the streptococcus is a rare 
occurrence. Secondary spread of an inflammatory process 
from the middle ear or from the sinuses of the skull is, on 
the other hand, comparatively frequent. 

The pathologic findings in streptococcal meningitis are very 
similar to those in the pneumococcal form. It is rare to en- 
counter a clear fluid. The polynuclear leucocytosis is usually 
very great. The organisms are present in the form of chains, 
mainly extracellular but some intracellular, and are readily 
recognized. If, however, they only occur in diplococcal form, 
cultural methods must be adopted in order to separate them 
from the pneumococcus. 

Several varieties of streptococcus have been described as 
occurring in streptococcal meningitis. Of these the strepto- 
coccus haemolyticus is by far the most frequent. It is ac- 
tively haemolytic, and on blood agar the colonies are rapidly 
surrounded by a clear zone where haemolysis has taken place. 

Next in frequency comes the streptococcus viridans. On 
blood agar it produces a green color, which, however, may be 
confused with a somewhat similar appearance sometimes seen 
in the case of pneumococci growing on this medium. Growth 
in blood serum offers a ready means of differentiation. In 
the fluid medium the streptococcus viridans grows in long 
chains of 20 or more elements, whereas the pneumococcal 
chains are never composed of more than 6 to 8 elements. 

The streptococcus mucosus may be found in sporadic cases, 
generally secondary to purulent conditions of the middle ear. 
Schottmiiller has described a number of such cases, which 
invariably proved fatal. The organism has also been found 
in one or two small epidemics in which the mortality was com- 
paratively low — from 40 to 50 per cent. It is readily rec- 
ognized by the characteristic capsule which surrounds the 
chains, and by the slimy growth which it produces in culture. 
On blood agar it forms a greenish color which may simulate 
that of the streptococcus viridans or the pneumococcus, but 
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it may be differentiated from these organisms by growing it 
at 22° C, at which temperature no color is produced. 

Finally, the streptococcus putridus has been described in 
one or two cases, secondary to an infection by this organism 
elsewhere. It can be recognized by the characteristic odor of 
the cultures. 

TUBERCULOUS MENINGITIS 

Apart from epidemics of cerebrospinal meningitis, the or- 
ganism most frequently responsible for acute inflammation of 
the meninges is the tubercle bacillus. Tuberculous meningitis 
is probably in every case secondary to some primary focus 
elsewhere, although in many cases it is extremely difficult to 
find such a focus. It may occur as part of a general miliary 
tuberculosis, or may be the only manifestation of the dis- 
semination of the process. There may be widespread tuber- 
culous infiltration of the meninges with abundant exudate es- 
pecially at the base of the brain, or a few scattered tubercles 
along the line of the Sylvian vessels only discernible with the 
aid of a magnifying lens may be all that is revealed by the 
autopsy. 

In view of these considerations it is natural that the condi- 
tion of the spinal fluid should vary considerably in different 
cases. In the great majority of cases the pressure is raised, 
often very considerably so. It usually lies between 200 and 
400 mm. ; but in some cases may rise as high as 700 or even 
800 mm. A normal pressure cannot, however, be regarded 
as conclusive evidence against tuberculous meningitis. In 
the later stages occlusion of the foramina in the roof of the 
fourth ventricle may occur, with the production of a condition 
of internal hydrocephalus, and a consequent disappearance 
of the previous high pressure. 

The fluid is, as a rule, clear or slightly opalescent. Only 
in exceptional cases is it distinctly turbid. The combination 
of a high cerebrospinal pressure together with a clear fluid 
is strongly suggestive of tuberculous meningitis. 

When the fluid is allowed to stand for a short time a net- 
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work or skein like a fine cobweb forms, which appears to be 
suspended from the surface of the fluid, and which waves 
to and fro as the tube is moved. This appearance is highly 
characteristic, although not absolutely pathognomonic of this 
condition. It differs from that seen in purulent meningitis, 
in which the coagulum is flaky and friable, and tends to ad- 
here to the sides of the tube. It is essential for the formation 
of this clot that the fluid should be left undisturbed, as any 
agitation will prevent its appearance. 

An increase in the protein content is a very constant feature 
of the fluid, although it does not reach the high figures found 
in the other forms of acute meningitis, varying as a rule be- 
tween o.i and 0.3 per cent. In a few cases no increase can 
be detected. In such a case, however, if the fluid be ex- 
amined on a subsequent occasion a positive reaction will 
probably be obtained. This is a test which is readily per- 
formed at the bedside, and it is wise to go armed with some 
1 in 20 carbolic or ammonium sulphate solution. 

The sugar is as a rule decreased, but not to the same extent 
as in the other forms of meningitis. In some cases it is 
present in normal amount. 

Mestrezat, who tends to somewhat over-emphasize the im- 
portance of a purely chemical examination, maintains that 
diminution in the chlorides and increased impermeability to 
nitrates are two of the most characteristic features. He gives 
the normal chloride content of the fluid as 0.74 per cent., but 
finds that in tuberculous meningitis it varies from 0.5 to 0.6 
per cent., a much greater reduction than is found in the 
meningococcal or pneumococcal forms. The permeability to 
nitrates is determined by giving the patient 1 gram of sodium 
nitrate for every 30 kilos of body weight, withdrawing the 
fluid 3 hours later, and estimating the amount of the salt 
present. In health from 0.8 to 1.0 per cent, is obtained, in 
cerebrospinal meningitis 3.8 per cent., and in tuberculous men- 
ingitis from 4.3 to 8.5 per cent. 

In ordinary routine work the cell count, both quantitative 
and qualitative, is one of the readiest methods of diagnosing 
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the condition. No one feature is pathognomonic, but when 
the result is taken into consideration along with the other 
laboratory and clinical findings a correct diagnosis can be 
arrived at in the great majority of cases. The cells are al- 
most always increased in number. This increase is moderate, 
averaging as a rule from 50 to 200 per c.mm., and never 
reaching the enormous figures met w^th in the purulent fluids 
of the other forms of acute meningitis. In very exceptional 
cases there may be no cellular increase. 

The differential count varies, but the small lymphocyte is 
usually present in great excess. The centrifuged film often 
bears a close resemblance to that seen in tabes dorsalis. The 
same appearance is seen in films made from the pleural fluid 
in tuberculous pleurisy. Polymorphonuclear leucocytes may 
be entirely absent or only present in small numbers. Occasion- 
ally, however, they may equal or even exceed the lymphocytes 
in number. In a few such cases it has been found that a 
secondary infection was present, usually the meningococcus. 

In specimens prepared by the Alzheimer method differen- 
tiation can be carried further, and cell forms may be ob- 
served almost as many and varied as in syphilitic infections of 
the meninges. Tailed forms and Gitterzellen may be present, 
and in particular large numbers of macrophages. Plasma 
cells have also been described. 

It will be seen that although any of the above pathological 
changes may be met with in other conditions, yet when they 
are considered together and especially in relation to the 
clinical condition of the patient it will usually be possible" to 
make a correct diagnosis. The only absolutely certain method, 
however, is the demonstration of the tubercle bacillus. This 
is by no means always easy, and a very prolonged search may 
be necessary before a single organism is found. The results 
of different authors vary from 50 to 100 per cent., these 
variations probably depending on the care in technic and the 
amount of time spent in searching for the bacilli. Various 
methods have been suggested, but far the simplest and most 
satisfactory is to take the delicate cobweb which forms, spread 
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it out as thinly as possible upon a slide, and stain with carbol 
fuchsin. If bacilli be present they will be found in the fibrin 
net-work. 

In the event of failing to find any bacilli the enrichment 
method of Trembur may be used. The fluid is incubated for 
from 24 hours to several days, at the end of which time a 
great multiplication of the organisms may have taken place. 
The method is not successful, however, in every instance. 
It is of course essential that every precaution against con- 
tamination be adopted, otherwise the incubating fluid will 
speedily become turbid. 

Finally, animal inoculation may be resorted to. The long 
period which has to relapse before the result of the inoculation 
can be determined may be greatly reduced by X-raying the 
guinea-pig previous to inoculation. This interferes so much 
with the resisting power of the animal, probably owing to the 
effect of the rays on the lymphoid tissue, that the usual period 
of 4 to 8 weeks may be reduced to about 10 days. The centri- 
fuged deposit of the fluid should be used for the inoculation. 

A recent method of examining the cerebrospinal fluid in cases 
of suspected tuberculous meningitis is that of Kasahara. He 
only records 5 cases with 3 controls, and in only one of the con- 
trols (Hydrocephalus) was the fluid normal, but the results are 
so striking that I give them here, although I have had no oppor- 
tunity of confirming them. 

The method is dependent on the production of a focal re- 
action by the injection of tuberculin. The usual amount of 
cerebrospinal fluid is withdrawn, and from 0.0 1 to 0.002 mg. 
of Koch's old tuberculin diluted with normal saline to 1 c.c. 
is injected into the spinal canal. A second specimen of spinal 
fluid is obtained 24 hours later, and the two fluids compared 
as to cytological and chemical reactions. In each of the five 
cases of tuberculous meningitis a most remarkable cellular 
increase was observed. The lymphocytes increased in one 
case from 50 to 900, polymorphs appeared in considerable 
numbers, but the most striking feature was the behavior of 
the red cells. In every case large numbers of red cells made 
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their appearance, in one case the number reaching 3200 per 
c.mm. The control cases showed no reaction, but, as has 
been already pointed out, far more extensive observations 
must be made before definite conclusions can be drawn. 
Kasahara does not record the clinical effect of the tuberculin 
injections. 

MENINGITIS DUE TO OTHER ORGANISMS 

The vast majority of cases of acute meningitis are due to 
the meningococcus, the pneumococcus, the streptococcus, and 
the tubercle bacillus. Occasionally, however, meningitis may 
be caused by one of a very large number of different organ- 
isms. These cases will be briefly considered. When a definite 
meningitis is present the usual cerebrospinal fluid findings are 
present, namely turbidity of varying degree, cellular increase 
especially amongst the polynuclears, marked globulin reaction, 
and diminution in the Fehling reduction. That is to say, the 
only distinguishing feature in these different forms is the 
presence of the infecting organism. 

Staphylococcal meningitis is much rarer than might be ex- 
pected. It may occur in a staphylococcal septicaemia, or may 
be secondary to infection following injury of the skull. The 
organisms are present in very small numbers, and can with 
difficulty be found in smears. If only found in culture con- 
tamination from the skin or the tissues of the back must be 
carefully excluded. 

Meningitis may be caused by the typhoid bacillus. In many 
cases, however, the organism may be present in the fluid 
without causing a meningitis, just as it may occur in the 
urine without setting up a cystitis. Further, meningitic 
symptoms may be produced by bacilli circulating in the blood 
without a corresponding infection of the cerebrospinal fluid. 
In these cases lumbar puncture will reveal nothing more than 
a somewhat increased pressure. Meningitis due to para- 
typhoid bacilli has also been described. 

Infection of the subarachnoid sac by the bacillus coli some- 
times occurs. I have observed such a case in a girl of 12, 
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who was suffering from blood infection with the same or- 
ganism. Persistent headache with slight head retraction sug- 
gested the possibility of meningitis, but lumbar puncture re- 
vealed a clear fluid with no cellular and only a slight globulin 
increase. In the films were a number of Gram-negative 
bacilli, which on further investigation proved to be bacillus 
coli. The fluid was examined on more than half a dozen 
occasions, and the bacilli were present on each occasion until 
convalescence set in, when they finally disappeared. 

Other organisms which have been described are the in- 
fluenza bacillus, the bacillus pyocyaneus, the anthrax bacillus, 
Friedlander's pneumobacillus, the bacillus mallei, actinomyces, 
and a streptothrix. In general paralysis the spirocheta pallida 
has been demonstrated by injecting the spinal fluid into the 
testicle of the rabbit. I have examined Alzheimer prepara- 
tions from such fluids by the Levaditi method, but have failed 
to detect any organisms. Trypanosomes are constantly pres- 
ent in sleeping sickness. In several cases of chorea the 
diplococcus rheumaticus of Poynton and Paine has been found 
in the spinal fluid. An appreciable quantity of toxin has 
been demonstrated in cases of tetanus, but no bacilli are pres- 
ent. 

SEROUS MENINGITIS 

In the varieties of meningitis discussed up to the present 
we have been dealing with inflammatory conditions of the 
meninges in which a definite inflammatory exudate is present, 
and in which the infecting organism is present in the cerebro- 
spinal fluid. In practice, however, cases are constantly being 
met with in which the symptoms are highly suggestive of 
meningitis, but the cerebrospinal fluid, which is invariably 
sterile, gives little or no support for such a diagnosis. 
Should such cases come to the autopsy table no evidence of 
meningitis can be found. 

This condition has been described under many different 
names, and a considerable amount of confusion exists in re- 
gard to it. Schottmuller describes two separate conditions, 
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circumscribed infectious meningitis and sympathetic men- 
ingitis. Kaplan speaks of non-micotic meningitis, and other 
authors use still different terms. The term serous meningitis 
or meningitis serosa is an old one, and if by it we understand 
all those cases in which there is meningeal irritation without 
a definite inflammation of the meninges it appears as satisfac- 
tory a one as can be devised. Whatever term is used it must 
be sufficiently elastic to include a considerable variety of 
conditions, for the condition is one which may appear in a 
number of widely differing morbid states. It is only natural, 
therefore, that the cerebrospinal fluid should present cor- 
responding differences. 

One of the most important causes of meningitis serosa is 
the presence in the neighborhood of the arachnoid sac of a 
focus of inflammation. This focus is situated most commonly 
in the middle ear, and on that account the condition is one of 
special importance to the aural surgeon. Any inflammatory 
condition of the skull may, however, give rise to it. A deep- 
seated abscess of the brain may remain uncomplicated by a 
purulent meningitis for a considerable time, but symptoms of 
a serous meningitis may make their appearance at a much 
earlier date. At any time, of course, a serous meningitis maj 
develop into a purulent meningitis, should the infectious 
process reach the pia mater. The meningitis in these cases is 
evidently toxic in nature, the toxins but not the organisms 
gaining access to the meninges. Very much the same phe- 
nomenon is seen in the case of a sub-diaphragmatic abscess, 
in which a non-purulent pleurisy is set up by the passage of 
toxins through the diaphragm. 

Another great clinical group in which serous meningitis 
may appear as a complication is that of the infectious fevers, 
and other conditions in which bacteria and their toxins cir- 
culate in the blood. Thus the symptoms may arise in the 
course of measles, influenza, typhoid, pneumonia, and rheu- 
matic fever. The symptoms of meningeal irritation not infre- 
quently occurring in mumps should possibly be classed under 
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this heading. Cases of sunstroke with high intracranial pres- 
sure probably furnish still another example. The condition 
often called meningismus may be included here. It is merely 
one variety of the general condition serous meningitis. 

In many cases it is probable that the full force of the ir- 
ritant falls not on the meninges but on the ependyma of the 
choroid plexus, the immediate result being a greatly increased 
production of cerebrospinal fluid, which may otherwise be per- 
fectly rtormal. Quincke records several such cases in which 
hydrocephalus was associated with great thickening of the 
ependyma and degenerative changes in the choroid plexus, but 
in which the meninges showed no change. He also suggests 
that in some cases there may be a condition of angio-neurotic 
oedema of the choroid plexus, thus explaining the sudden onset 
which may occur on several occasions. This is one of those 
theories which it is as difficult to disprove as to prove. 

During an epidemic of meningococcal meningitis amongst 
the British troops in France I encountered a number of cases 
which were apparently serous meningitis, of which the follow- 
ing is typical. The patient had been feeling ill for two davs. 
When I saw him he had marked signs of meningitis — head- 
ache, head retraction, pain in the back and neck, greatly ex- 
aggerated knee jerks, and a marked Kernig's sign. The tem- 
perature was 104.4 R, the pulse 108, and the blood showed 
a leucocytosis of 13,400. The cerebrospinal fluid was under 
very high pressure, issuing in a forcible stream from the needle, 
but it was quite clear, showed no cellular nor globulin increase, 
and was sterile. The lumbar puncture at once relieved the 
symptoms of intracranial pressure in a remarkable way, and 
two days later the patient was convalescent. I came across 
several similar cases, in some of which a moderate lympho- 
cytosis was present, but in no case were there any organisms 
in the fluid. Other cases from the same battalion with identi- 
cal symptoms showed purulent spinal fluid containing large 
numbers of meningococci. The only conclusion possible is 
that in the first set of cases the organisms were circulating in 
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the blood, but only the toxins gained access to the cerebral 
meninges. The prognosis in the two classes of cases was 
entirely different 

The symptoms are essentially those of increased intracranial 
pressure, of which the most constant is headache. The cere- 
brospinal pressure is invariably raised, sometimes to a marked 
degree. In very many cases the fluid is perfectly clear, and 
may present no other abnormality. The combination of a 
normal fluid under high pressure with the symptoms of men- 
ingitis is almost pathognomonic of serous meningitis. It is 
well to bear in mind, however, that in the very earliest stages 
of acute meningitis the fluid may occasionally show but little 
change. 

It is in young children that the most important manifesta- 
tions of serous meningitis are met with. A child may present 
all the symptoms of acute meningitis such as vomiting, rigidity, 
head retraction, Kernig's sign, and bulging of the fontanelle, 
but the spinal fluid may show no abnormality except extremely 
high pressure. In such cases withdrawal of a considerable 
quantity of fluid will be followed by remarkable and immediate 
clinical improvement. The symptoms may return in the course 
of a few days or weeks, but a second puncture will probably 
restore the child to a normal condition. The ependyma has 
apparently been stimulated to over-activity by some toxin cir- 
culating in the blood, with a resulting excessive production of 
cerebrospinal fluid, but when the excess of fluid has been re- 
moved a condition of equilibrium seems to be established, and 
the danger, undoubtedly great in these young patients, is 
averted. The condition is of great practical importance, and 
is not generally recognized. Almost all the cases which T 
have seen have been in children under one year of age. The 
most important single sign is fullness and bulging of the 
fontanelle. The fluid should be withdrawn until the fontanelle 
is depressed. 
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CHAPTER XV 
SYPHILIS OF THE NERVOUS SYSTEM 

In the recent history of clinical medicine no more remarkable 
revolution of ideas has taken place than in the case of the re- 
lationship of syphilis to the nervous system. John Hunter 
taught in 1 790 that syphilis never affected the internal organs, 
and in those days the paralysis which occasionally followed 
syphilis was usually attributed to the mercurial treatment. 

We have for long known that certain pathological lesions of 
the central nervous system such as gummata, arterial degenera- 
tion, and some forms of meningitis are syphilitic in nature. 
It was also recognized that some relation existed between 
syphilis and general paresis and tabes dorsalis — diseases 
which were called para or metasyphilitic — but the exact na- 
ture of the relationship was by no means clear. Many au- 
thors refused to admit that syphilis was the sole etiological 
factor in these diseases, although they admitted that it played 
a very important part. Even so eminent an authority as 
Nonne said — "At the outset I desire to make it clear that 
progressive paralysis is not a specific syphilitic disease of the 
brain." The demonstration by Noguchi and Moore of the 
spirochaeta pallida in the brain and cord in general paralysis 
and tabes, together with the evidence furnished by the Wasser- 
mann reaction in the blood and the spinal fluid, has swept 
away the last lingering doubt. It is now universally recog- 
nized that there is but one neuro-syphilis which may attack the 
meninges, the blood vessels, the nerve cells of the cerebral 
cortex, or the nerve fibers in the posterior columns of the cord. 
So much is generally granted. 

Recent work has, however, thrown most important light 
on the question of the involvement of the nervous system in 
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the earlier stages of syphilis. It is now recognized that it is 
not the case, as was formerly supposed, that nervous syphilis 
is necessarily a late manifestation of the disease. The whole 
tendency of the work of the past few years has been to throw 
ever earlier the period at which the nervous system may be- 
come infected, until we have reached the stage where cases 
are being reported in which the cerebrospinal fluid shows 
changes said to be characteristic at the same time as the ap- 
pearance of the primary sore. 

Although, however, it is wise to maintain a critical attitude 
regarding the significance of certain results, there is no room 
for doubt that the light thrown uf>on the whole subject of 
neuro-syphilis by these recent investigators on the cerebro- 
spinal fluid is of the very greatest importance. It is certain 
that in the general systemic infection which marks the com- 
mencement of the secondary stage the nervous system not 
only is not exempt, but is in reality one of the parts of the 
body most frequently involved. In the present state of our 
knowledge we cannot say which of these cases will speedily 
clear up and which will develop into incurable parenchymatous 
syphilis, nor do we know the factors upon which this depends. 
Further work may, however, serve to elucidate these very im- 
portant points. From the practical point of view, all cases 
showing changes in the spinal fluid should receive energetic 
treatment until the fluid has returned to normal, whether or 
not symptoms of nervous disease have been present. As 
Neisser said at the International Medical Congress in 1913, no 
one should be passed as cured of syphilis until the cerebro- 
spinal fluid has been examined and found normal, and those 
whose experience in the treatment of syphilis is most extensive 
will be most likely to agree with him. 

EARLY SYPHILIS 

The strong tendency at present is to place the possibility of 
syphilitic involvement of the nervous system at an ever earlier 
date. The old view that the nervous lesions were essentially 
late manifestations of the diseases occurring in the tertiary 
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and post-tertiary stages has been replaced by the modern one 
that the central nervous system may be one of the first organs 
to be involved. Gregory and Karpas, Gowers, Nonne, and 
many others have published cases in which the nervous system 
became involved within a year of the primary infection. In a 
series of 22 cases of secondary syphilis Dreyfus found changes 
in the spinal fluid in 17. 

In these secondary cases the changes in the fluid usually 
noted are a moderate lymphocytosis and an increase in the 
globulin. In the majority of these cases the Wassermann 
reaction is negative, although it may be strongly positive in the 
blood. A positive Wassermann in the spinal fluid indicates a 
much more serious involvement of the nervous tissue than a 
mere pleocytosis and globulin excess. In all cases, however, 
it is well to accept the cellular and globulin changes as evidence 
of direct involvement of the nervous system, even with a 
negative Wassermann. 

That cerebrospinal involvement in secondary syphilis is com- 
mon is now universally admitted, but it appears that this in- 
volvement may be earlier still, for in a number of cases char- 
acteristic changes have been found in the fluid in the primary 
stage, although a positive Wassermann reaction has never been 
present. Wile and Stokes describe 6 primary cases, in 4 of 
which the spinal fluid was abnormal, one case showing a cell 
count of 200. Fruhwald and Zalozieki furnish even more 
striking evidence of early infection, for by injecting the cere- 
brospinal fluid into the testicles of rabbits they demonstrated 
the presence of the spirochaeta pallida in both primary and 
secondary syphilis. In some of these cases there were nervous 
symptoms, in others there were none. This final confirma- 
tion of the diagnosis by the demonstration of the spirochaeta 
pallida in the cerebrospinal fluid has now been made by a 
number of workers. Levaditi, Marie and Bankowski suc- 
ceeded in finding 1 the spirochetes in the centrifuged ventricular 
fluid of a case of general paresis, and Wile, who was successful 
with inoculation tests in over 60 per cent, of a series of 8 cases, 
including secondary syphilis involving the nervous system, 
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tabes dorsalis, and general paresis, believes that the spinal 
fluid contains spirochetes at certain times in every case of 
neuro-syphilis. 

CEREBROSPINAL SYPHILIS 

This term, although admittedly unsatisfactory in the light of 
present day knowledge, has passed into such general usage that 
it is difficult to dispense with it. By it we include all forms of 
what Mott has termed interstitial syphilis, that is to say cases 
in which the parenchymatous elements of the nervous system 
are not primarily involved. The three principal types are the 
gumma, syphilitic endarteritis, and syphilitic menigitis or 
meningo-encephalitis. 

The cerebrospinal pressure is as a rule above normal and a 
globulin reaction, sometimes very marked, is almost always 
present. A somewhat less constant feature is a cellular in- 
crease, which in the meningitic form may reach several 
thousand. Where the only lesion is an endarteritis, however, 
the pleocytosis may be slight or even entirely absent. The 
characteristic cell is the small lymphocyte. In cases of acute 
syphilitic menigitis, however, in which the reaction is very 
marked the spinal fluid may show considerable numbers of 
endothelial cells, and in some cases polymorphs form a notice- 
able feature of the cell picture. 

Regarding the Wassermann reaction in this condition the 
results of different workers in the past have varied to a marked 
degree. The earlier German workers, using the original Was- 
sermann technic, regarded a negative finding in the spinal 
fluid as the rule. Plaut found a positive reaction in only 6 
per cent, of his cases, and even in these the reaction was re- 
garded as the exception rather than the rule. The substitu- 
tion of the more sensitive cholesterinised heart antigen for 
the syphilitic liver antigen of the original method, and the in- 
troduction of the use of larger quantities of fluid up to i.o 
or even 2.0 c.c, have resulted in a great change of attitude 
on this subject. Mcintosh and Fildes, it is true, condemn the 
use of large quantities of fluid on the ground that non-specific 
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reactions may be obtained, and claim that by using choles- 
terinised heart as an antigen they can obtain a very high per- 
centage of positive results with the use of 0.2 c.c. of fluid. 

Most workers agree, how'ever, that the use of larger quan- 
tities is essential if a true estimate of the condition of the fluid 
in cerebrospinal syphilis is to be arrived at. In many cases a 
positive reaction will only be obtained when 1.0 c.c. of fluid 
is used, and there is no good reason to believe that such quan- 
tities will give a non-specific reaction. Sometimes a cellular 
and globulin increase will be found in cases of secondary 
syphilis even when no nervous symptoms are present. In such 
cases a negative reaction will invariably be obtained when 
0.2 c.c. of fluid are used, but with 1.0 c.c. the reaction may be 
positive. It is obvious, therefore, that many positive reactions 
will be missed if only 0.2 c.c. of fluid are used. The en- 
darteritic form of cerebrospinal syphilis may however give a 
negative reaction even when the full quantity is used. The 
Auswertungsmethode further provides a very useful indica- 
tion as to the success of treatment and the progress of the 
case, for by it the gradually decreasing intensity of the reaction 
can be accurately measured. If a fluid gives a strongly 
positive reaction with 0.1 c.c. at the beginning of treatment, 
and at the end 2.0 c.c. are necessary in order to obtain a 
positive result, it is evident that the therapeutic effort has been 
of some avail. Finally, in an untreated case the amount of 
fluid which it is necessary to use in order to obtain a posi- 
tive reaction affords a very fair indication as to the nature 
of the lesion. If 1.0 c.c. or 2.0 c.c. are necessary the case is 
almost certainly one of cerebrospinal syphilis. In general 
paresis, on the other hand, a positive reaction will be obtained 
with 0.05 c.c. or even with less. Tabes dorsalis occupies an 
intermediate position. 

The colloidal gold test will often show a reaction in the 
mid or so-called luetic zone. 

In the difficult task of differentiating between general 
paresis and cerebrospinal syphilis the therepeutic test often 
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yields information of great value. One or two intravenous 
injections of salvarsan will usually produce little or no effect 
on the spinal fluid in general paresis, although prolonged in- 
traspinal injections by the Swift-Ellis method may ultimately 
cause considerable improvement. In cerebrospinal syphilis, on 
the other hand, the results of ordinary specific treatment are 
often remarkable, the change being most marked in the number 
of lymphocytes, which may fall to normal in a comparatively 
short time. Walker found that in cases of syphilitic meningitis 
in which endothelial cells were numerous these cells were 
the first to show a marked decrease in response to treatment, 
followed later by a fall in the small lymphocytes. The 
globulin reacts to a lesser extent. The Wassermann is the 
most resistant of the three reactions, but with intensive sal- 
varsan treatment it also may be reduced or entirely abolished 
even when i c.c. of fluid is used. Occasionally, however, the 
Wassermann may respond more readily than the globulin. 
This may occur in any of the forms of neuro-syphilis. 

TABES DORSALIS 

As regards the condition of the cerebrospinal fluid tabes 
occupies a position midway between cerebrospinal syphilis and 
general paresis. The most constant feature is a lymphocy- 
tosis, moderate in degree, ranging from 60 to 100. Such 
an increase is present in about 90 per cent, of cases. In very 
old-standing cases the increase may be so slight as to leave 
room for doubt. Alzheimer sections show the chief type of 
cell to be the small lymphocyte. In many cases no other cell 
can be found. Large mononuclear or endothelial cells may 
occur, but I have never found plasma cells, although they are 
described by some authors. In quiescent cases polymorphs 
are as a rule not found, but if the fluid be examined during or 
immediately after a crisis they may form a considerable por- 
tion of the cell count. At these times the total amount of 
fluid becomes much increased, and the globulin excess is also 
more apparent. The nature of sudh crises is not well un- 
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derstood, but the changes in the spinal fluid, especially the ap- 
pearance of polymorphs, are strongly suggestive of meningeal 
irritation. 

Globulin is very constantly increased, but not to the extent 
seen in paresis. Fehling reduction is normal. 

The results of the Wassermann test vary with different 
workers, depending no doubt upon the method employed. 
Most workers obtain positive results in from 50 to 70 per cent, 
of cases. Hauptmann by his " Auswertungsmethode " got a 
positive reaction in almost every case, whilst Mcintosh and 
Fildes using 0.2 c.c. in a small series had 92 per cent, of posi- 
tives. If quantities up to 1.0 c.c. be used, together with a 
cholesterinised heart antigen, a positive reaction will be ob- 
tained in from 80 to 90 per cent, of untreated cases, or even 
higher. The reaction in the blood is positive in about the 
same percentage of cases as in the fluid, but it is important to 
bear in mind that the reaction may be positive in the serum 
and negative in the fluid, or positive in the fluid and negative 
in the serum. For this reason it is essential in all cases to 
examine both the serum and the fluid. To sum up the position 
with regard to tabes, if a patient with suggestive physical 
signs has an increase in cells and globulin and a positive Was- 
sermann in the spinal fluid or the blood or in both, there is 
ample evidence for a positive diagnosis. With a negative re- 
action in both blood and spinal fluid there may be some hes- 
itancy, and the therapeutic test may have to be applied. The 
presence of pleocytosis and globulin increase, however, in a 
chronic case showing evidence of involvement of the nervous 
system may be taken as almost conclusive evidence of syphilitic 
infection. 

The effects of ordinary intravenous — as opposed to intra- 
spinous — treatment is much less marked than in cerebrospinal 
syphilis. Cases with a marked pleocytosis may show a very 
considerable reduction in the cell count, but it will seldom reach 
normal limits. The globulin increase is still more resistant, 
and the Wassermann reaction, except in cases where there is 
reason to suspect a large meningeal element, can rarely be con- 
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verted from a positive into a negative. Some of the cases of 
tabes dorsalis and even of general paresis, however, treated at 
the Boston Psychopathic Hospital by Southard and Solomon 
by intravenous injections only have shown extraordinary im- 
provement in the serology of their spinal fluids, every single 
pathological feature having returned to normal (personal com- 
munication) . 

GENERAL PARESIS 

• 

There is no condition in clinical medicine in which an ex- 
amination of the cerebrospinal fluid is of greater importance 
than in general paresis, nor one in which the findings are more 
constant and characteristic. The differential diagnosis be- 
tween general paresis in the early stages and neurasthenia, 
alcoholic insanity, cerebrospinal syphilis, and other conditions, 
is often one of extreme difficulty, and the help whjch the 
laboratory is able to provide may be welcome in the extreme. 
Absence of pain on lumbar puncture is a characteristic feature. 
I do not remember puncturing a paralytic who complained of 
discomfort at the time of the operation. Further, such pa- 
tients are singularly immune from unpleasant after-effects. 

The pressure may be normal, but as a rule it is distinctly 
raised. The total volume of fluid is increased, this being no 
doubt compensatory to the atrophy of brain tissue. 

The fluid is almost always clear. In one case, however, 
with a phenomenal cell count — over 3,000 cells per c. mm. — 
it was opalescent. Fehling reduction is prompt. 

A cellular increase is the almost universal rule. Should a 
case fail to show such an increase when examined on several 
occasions the clinical evidence would need to be overwhelming 
before a diagnosis of general paresis could be accepted. The 
pleocytosis, together with the other positive findings, is de- 
pendent to some extent on the stage of the disease, and also 
upon the type. In a series of observations on asylum patients 
I found that the spinal fluid changes were much more marked 
in the early stages than when the patient had sunk into a con- 
dition of dementia in which he might continue to drag on a 
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miserable existence for a number of years. Further, the 
acute type which rapidly passed through the various stages 
and ended fatally within a couple of years showed a similar 
intensity in the fluid changes as compared with those cases 
which pursued a more leisurely course during a number of 
years, although in these latter the cerebral lesions characteristic 
of general paralysis were present at autopsy. In ordinary 
cases the number of cells averages from 30 to 100 per c.mm. 
but as indicated above this number may be greatly exceeded. 
Polymorphs can usually be found in small numbers, but after 
a convulsive seizure they may appear in such large numbers as 
to equal the lymphocytes. 

The small lymphocyte is the predominant type, but in Alz- 
heimer sections every variety of cell known to occur in the 
fluid may be found. Of these the most important is the 
plasma cell. It used to be thought that these cells, so char- 
acteristic a feature in sections of the brain in this condition, 
were not present in the cerebrospinal fluid, but the Alzheimer 
method has shown that they are very constantly present, al- 
though only in small numbers. The presence of these cells 
in the spinal fluid is so characteristic as to be almost pathog- 
nomonic of the condition, but they have also been found in 
tuberculous meningitis. Endothelial cells, Gitterzellen, and 
" tailed cells " are also found. The exact significance and 
diagnostic importance of many of these cells is not known, 
but further studies may be expected to throw valuable light 
on this aspect of the subject. 

A high protein content is a very constant feature, and the 
globulin reactions are positive in over 95 per cent, of cases. 
The total protein varies from 0.1 to 0.3 per cent, and the 
globulin test may give a positive reaction with a high dilution ; 
indeed one of my cases gave a distinct reaction with a dilution 
of 1 in 13. The protein increase is most marked in the early 
stages, tending progressively to diminish as the more chronic 
stages are reached. It is very seldom that the fluid of an un- 
treated case will give a positive Wassermann if the globulin 
reaction is not positive. 
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The Wassermann reaction is strongly positive both in the 
blood and the cerebrospinal fluid in at least 96 per cent, of 
cases; some workers obtain 100 per cent, of positive results. 
It is very rare for the reaction to be positive in the serum and 
negative in the fluid. In very chronic cases the serum may 
give a negative reaction while the fluid still remains positive. 
The reaction in addition to being extremely constant is char- 
acteristically intense. It will always be obtained with 0.2 c.c. 
and often with the whole series of dilutions. There is no 
other condition which approaches general paresis for the in- 
tensity of the reaction. 

It will thus be seen that in general paresis the " four re- 
actions "of Nonne are most characteristically present, namely 
a positive Wassermann reaction in the blood, cellular increase, 
globulin increase, and a positive Wassermann reaction in the 
spinal fluid. All four reactions will be found in at least 96 
per cent, of cases. 

Less effect is produced by treatment on the condition of the 
spinal fluid that in any of the other nervous manifestations of 
syphilis. The pleocytosis may become less marked, but the 
globulin and Wassermann reactions often resist all therapeutic 
efforts. With combined intravenous and intraspinal injections 
of salvarsan, however, if sufficiently long continued, the fluid 
may in many cases be reduced to a normal condition. 

To the four classical reactions of such proved value in the 
diagnosis of general paresis must now be added a fifth. For 
the colloidal gold reaction of Lange not only is as characteristic 
as any or all of the classic four, but it serves to differentiate 
general paresis from other syphilitic nervous conditions with 
a sureness which cannot be claimed for any of the other 
tests. 

The typical paretic curve has already been described in dis- 
cussing the reaction. Complete precipitation is obtained in 
the paretic zone, that is to say in the first 3, 4, or 5 tubes. 
The curve then drops with varying degrees of abruptness to 
the zero line, in a manner described by Kaplan as step-ladder. 
The reaction is very constant, being present in at least 95 per 
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cent, of cases. Its intensity bears no definite relation to the 
amount of protein in the fluid. This is somewhat remarkable, 
as the test was originally introduced with the object of obtain- 
ing a quantitative determination of the protein present. The 
Lange test closely parallels the Wassermann reaction, but in a 
few cases it may give a positive result when the Wassermann 
reaction is negative. It is certainly an extremely valuable cor- 
roborative test for general paresis. In cases undergoing treat- 
ment it usually diminishes in intensity if the other pathological 
changes are clearing up. But sometimes it may remain even 
after the fluid has become otherwise normal. 

In tabes, cerebrospinal syphilis, and congenital syphilis an 
entirely different reaction is obtained. Either no reduction 
occurs, or a reduction of varying intensity in the mid or luetic 
zone. The resulting curve can be differentiated at a glance 
from that typical of general paresis. It is this power of dif- 
ferentiation which gives the colloidal gold test its value. 

JUVENILE GENERAL PARESIS 

In this condition the cerebrospinal fluid shows the same 
pathological changes as in the adult form of the disease. The 
four reactions and the Lange test are all positive. 

In practice general paresis has to be differentiated from a 
number of clinical conditions. In the majority of these the 
laboratory examination of the cerebrospinal fluid is of the 
greatest value, and at once serves to clinch the diagnosis. The 
only real difficulty lies in distinguishing between general 
paresis and cerebrospinal syphilis. In both of these the Was- 
sermann reaction in the blood is positive, and the spinal fluid 
shows a pleocytosis and a globulin increase. The Wasser- 
mann reaction in the fluid in general paresis, however, is al- 
ways positive, whereas it is negative in at least 70 per cent, 
of cases of cerebrospinal syphilis with 0.2 c.c. of fluid. When 
larger quantities of fluid up to 1.0 c.c. or 2.0 c.c. are used 
the figures may be brought up as high as in general paresis. 
Even when a positive result is obtained with 0.2 c.c. of fluid 
in cerebrospinal syphilis the reaction is not so marked as in 
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paresis. If to this difference is added the very different be- 
havior of the collodial gold reaction in the two conditions, 
and the equally different response to specific treatment, it will 
be found that the information furnished by the laboratory 
will enable the clinician in practically every case to arrive at 
a correct diagnosis. 

The various reactions in those forms of syphilis which af- 
fect the nervous system are shown in the following table. 
The plus signs indicate that a positive result is obtained in 
nearly every case. The Wassermann reaction in the fluid is 
reckoned on the assumption that 0.2 c.c. are used. 
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CHAPTER XVI 
ORGANIC DISEASE OF THE BRAIN 

CEREBRAL TUMOR 

The pressure of the cerebrospinal fluid is raised sometimes 
to such an enormous extent that the fluid shoots right across 
the bed when the needle is introduced. In these cases the 
minimum amount of fluid should be withdrawn — not more 
than 2 or 3 c.c. — and the foot of the bed should be kept 
raised for some time. The mechanism of the accidents which 
sometimes occur in lumbar puncturing these cases has al- 
ready been discussed. 

The cell count as a rule is normal, but may be increased, 
especially in tumors involving the meninges. In one case of 
tumor of the pituitary body there was a very marked 
pleocytosis. In this case the somewhat rare condition of 
cerebrospinal rhinorrhoea was present, for a communication 
existed — owing to the destructive action of the new growth 
— between the cranial and the nasal cavities, and whenever 
the patient sat up cerebrospinal fluid dripped from the nose 
In gumma of the brain a considerable lymphocytosis may be 
present. 

The protein content varies much as the cell count. As a 
rule it is not increased. It is more likely to be raised if the 
tumor is a gumma. In the pituitary case above mentioned 
there was an enormous increase. 

Rehm records the presence of cholesterin crystals and fat 
needles in a case of cholesteatoma of the base of the skull, 
and I have found cholesterin ester crystals in a case of tumor 
of the optic chiasma. 

In echinococcus disease of the brain it may be possible to 
demonstrate the presence of hooklets and fragments of mem- 
brane in the spinal fluid. 
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CEREBRAL ABSCESS 

Abscess of the brain may present a difficult problem in 
diagnosis. The onset may be so insidious and the sympto- 
matology so indeterminate that great difficulty may be exper- 
ienced in arriving at a decision. The spinal fluid findings may 
be helpful or may be misleading. They will not mislead, how- 
ever, if it is borne in mind that a cerebral abscess may coexist 
with a perfectly normal fluid. Indeed it is often the absence 
of pathological change in the fluid which is the determining 
factor in the diagnosis. 

The chief difficulty lies in distinguishing between abscess of 
the brain and septic meningitis. In the latter condition the 
fluid is purulent and presents the usual characters seen in 
meningitis. If the brain abscess communicates with the 
surface its contents will be discharged into the subarachnoid 
space, a purulent meningitis will result, and there will be no 
difference in the cerebrospinal fluid in the two conditions. 
If, however, the abscess be deep seated the spinal fluid may 
be perfectly normal. If in a case with symptoms of acute 
cerebral irritation and pressure, a moderate degree of pyrexia, 
and a leucocytosis in the blood, there are no changes in the 
spinal fluid, the strong presumption is that the condition is one 
of cerebral abscess. Thus a negative finding may be of more 
value than a positive one. 

It has already been seen, however, that even in a deep seated 
abscess in which the autopsy may reveal no evidence of men- 
ingitis changes may be present in the fluid in the shape of a 
cellular and globulin increase. This is apparently clue to the 
diffusion of toxins from the abscess causing a certain amount 
of meningeal irritation. 

The commonest source of a cerebral abscess is the middle 
ear. Infection may readily spread through the tegmen tym- 
pani and give rise to an abscess in the temporo-sphenoidal lobe. 
It is remarkable, however, in how many instances no meningitis 
results from this spread, although the infection must have 
traversed the subarachnoid space. This immunity of the men- 
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inges is due to the walling off of the area of infection by ad- 
hesions, which provide an efficient protection when the process 
is not too acute. 

The condition of the cerebrospinal fluid may change during 
the course of a cerebral abscess, so that if a preliminary 
puncture reveals a normal fluid it may be well to make an- 
other examination a day or two later. The following case 
illustrates this in 3, remarkable way. 

The patient when first seen complained of headache and 
dimness of vision. Two years before he had suffered from 
severe headaches and a left hemiplegia which were syphilitic 
in origin and which completely disappeared under anti-syphi- 
litic treatment. The present attack of headache and loss of 
sight had lasted five days, during which time he had largely 
lost the use of his left arm. The cerebrospinal fluid con- 
tained no lymphocytes per c. mm. The evident diagnosis ap- 
peared to be one of return of the syphilitic cerebral affection, 
but anti-syphilitic treatment was without effect. The sight 
failed rapidly, the left arm became paralyzed, and the patient 
sank into a condition of coma, which terminated in a few 
days in death. On the day before he died lumbar puncture 
was again performed, and to my surprise I found that the 
fluid was now turbid, and contained large numbers of poly- 
morphonuclear leucocytes. The chronic syphilitic condition 
had apparently been replaced by an acute suppurative one. 

A visit to the autopsy room provided the explanation. In 
the right motor area were the remains of a syphilitic gumma, 
to which were due the hemiplegia of two years ago, and the 
lymphocytosis which still persisted. In addition, however, two 
acute abscesses were present, one in the right motor area, the 
other in the occipital lobe. The pus from the latter had made 
its way into the ventricles, and thence to the base of the brain 
through the locus perf oratus posticus. The abscesses were the 
cause of the recent hemiplegia and the loss of vision. The 
change in the character of the spinal fluid was due to a real 
change in the infection, but the relationship was not recognized, 
and an unavailing line of treatment was the result. 
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CEREBRAL HAEMORRHAGE 

In many cases of cerebral haemorrhage the spinal fluid is 
quite normal. In a few there may be a moderate lympho- 
cytosis and a slight globulin increase. Should the arterial dis- 
ease be syphilitic, the fluid will show corresponding changes, 
although it must be remembered that the purely arterial form 
of cerebral syphilis leaves fewer traces in the fluid than any 
other variety. 

If the haemorrhage is near the surface or leaks into the ven- 
tricles, red blood cells will be found in the fluid in large 
numbers. 

Subarachnoid haemorrhage may thus be due to an original 
haemorrhage in the brain. A much more frequent cause, 
however, is haemorrhage from a meningeal vessel. This is 
usually due to injury to the skull, but may occur from other 
causes. In one case there was a history of the patient lifting 
heavy boxes, with the onset in a couple of hours of symptoms 
of cerebral compression. The behavior of the cerebrospinal 
fluid in this case may be taken as typical of the whole class. 
On the day following the onset the fluid was under moderate 
pressure, and presented the appearance of pure blood. On be- 
ing centrifuged a thick layer of red cells collected at the bot- 
tom of the tube, the supernatant fluid showing an almost im- 
perceptible yellowish tinge. A couple of days later there was 
still an abundance of red cells, but considerable haemolysis had 
taken place, and the fluid was of a canary yellow color. At 
the end of a week the red cells had largely disappeared, but 
their place was taken by large numbers of polymorphonuclear 
leucocytes, together with a small portion of lymphocytes. It 
was not possible to follow this case further, but in similar 
cases it is common to find numbers of large phagocytic cells 
showing numerous cell inclusions in the later stages of the 
condition. Lymphocytes and large mononuclear cells have 
been found a considerable time after the occurrence of the 
haemorrhage. 

Reference may here be made to certain changes which have 
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been observed in the brain and spinal fluid in cases of shell 
shock. The bursting of a large high explosive shell in the 
immediate vicinity may produce neurological phenomena be- 
wildering in their variety, and sometimes strongly suggesting 
a functional basis. It has been found, however, that if the 
spinal fluid of such cases is examined shortly after the injury 
blood will be very constantly observed. Mott and others have 
further demonstrated that if such patients die from other 
injuries numerous petechial haemorrhages may be found scat- 
tered throughout the brain and spinal cord. 

CEREBRAL THROMBOSIS 

In thrombosis of the cerebral vessels proper the spinal fluid 
may present no abnormality. In syphilitic cases there will 
probably be a lymphocytosis and a globulin increase. A 
positive Wassermann reaction in the spinal fluid will settle the 
etiology of the condition. 

Rehm has described marked changes in sinus thrombosis. 
This usually involves the lateral sinus, most commonly in in- 
flammatory conditions of the middle ear, but any of the sinuses 
may be affected from either local or general causes. The 
fluid may be clear, of normal pressure, and contain no ab- 
normal constituents. On the other hand the pressure may be 
considerably raised, and the fluid may be of a yellow color 
and contain large numbers of red blood corpuscles. In some 
cases the fluid is cloudy, shows a marked leucocytosis and 
contains large quantities of albumen. Occasionally a def- 
inite network of fibrin forms in the fluid. 

ENCEPHALITIS 

Encephalitis or diffuse inflammation of the brain may occur 
as a complication in such conditions as acute meningitis and 
cerebral abscess. The most important and interesting form in 
which it occurs, however, is as encephalitis lethargica, a disease 
characterized by lethargy, cranial nerve disturbances, and foci 
of inflammation scattered throughout the brain, more especially 
in the mid-brain and medulla. The condition of the spinal 
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fluid varies greatly in different cases. In a series of over 40 
cases seen in Winnipeg at the end of 1919 the pressure was 
almost invariably raised, but there was no other constant 
change. In the majority the cells and globulin were normal. 
In a small proportion there was a moderate increase up to 
30, and in two the count was 152 and 210. The increase in 
globulin was not proportionate; there being never more than 
a trace present. The sugar was normal. No bacteria were 
found in culture. 

HYDROCEPHALUS 

The condition of hydrocephalus has been known to medical 
science since the days when Hippocrates with a master's sure 
insight first tapped the hydrocephalic ventricle. In the cen- 
turies which have elapsed since then little or nothing has been 
added to our knowledge of the subject, and as Magendie has 
remarked, we merely cloak our ignorance in words when we 
apply the high sounding term hydrocephalus to the condition 
known to every layman as " water on the brain." It was 
Magendie himself who first recognized that obstruction of the 
aqueduct of Sylvius was followed by dilatation of the lateral 
ventricles, but he was unable to explain the phenomenon, as he 
was unaware that the fluid was produced in the lateral ventri- 
cles. With increased knowledge regarding the physiology of 
the fluid, however, and with some little insight into the factors 
governing its production and absorption, there is hope that an 
understanding of the condition may yet be attained which 
will give us the power of grappling with a disease that has 
hitherto baffled the best surgical effort. 

The most exhaustive work on the subject is that of Dandy 
and Blackfan, who, in addition to clearing up many doubtful 
points, introduced new methods of investigation which give 
promise of bearing very fruitful results. They produced ex- 
treme degrees of hydrocephalus experimentally by introducing 
a pledget of cotton wool into the aqueduct of Sylvius. They 
were also able to produce lesser degress of hydrocephalus by 
ligating the vein of Galen or the straight sinus. By injecting 
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phenolsulphonephthalein into the ventricles and spinal canal 
they were able to determine that some cases of hydrocephalus 
were due to obstruction of the aqueduct of Sylvius, but that 
in others the aqueduct was open and the defect appeared to be 
one in the mechanism of absorption. In a number of cases 
where a diagnosis was made of obstruction to the aqueduct 
of Sylvius on the basis of these tests, very striking evidence 
was furnished by the autopsy. Thus in one case there was 
congenital absence of the aqueduct. 

Frazier suggests that the condition be divided into obstruc- 
tive, non-absorptive, and hypersecretive types. In the first 
variety the obstruction may be due to a congenital defect, such 
as absence of the aqueduct of Sylvius, or, much more com- 
monly, to post-inflammatory adhesions around the roof of the 
fourth ventricle. The non-absorptive variety is due to some 
interference with the mechanism of absorption. This may be 
due to an abnormal condition of the arachnoid villi or the cere- 
bral veins, or there may be toxic substances in the fluid which 
prevent its absorption. At present these are mere matters of 
conjecture, but recognition of the variety is important that 
proper treatment may be instituted. 

Finally, there is the third type in which there is hypersecre- 
tion of the fluid, due probably to over-activity of the epithelium 
of the choroid plexus, the result of the action of toxins in 
the blood. Many cases of meningismus and meningitis serosa 
are probably of this nature. Quincke describes what he calls 
an angioneurotic condition of the choroid plexus with exces- 
sive production of fluid, which he considers may be the basis 
of the headaches so common in chlorosis and other blood con- 
ditions. 

Frazier also has employed the phenolsulphonephthalein test 
as a means of differentiating between these different types. 
This is based on the following facts. If i c.c. of the dye is 
injected into the lateral ventricle it should appear in the fluid 
withdrawn by lumbar puncture in from 3 to 8 minutes. Un- 
der normal conditions 60 per cent, of the dye should be ex- 
creted in the urine in the first two hours. As none of the 
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fluid is absorbed within the ventricles, the appearance of the 
dye in the urine indicates that there has been a free escape 
from the ventricles to the subarachnoid space. Finally if 
i c.c. of the dye be injected by lumbar puncture, normally 
a trace of the dye should appear in the urine in ten minutes, 
and the entire amount be excreted in two hours. In the ob- 
structive type — the so-called internal hydrocephalus — there 
will be a normal absorption from the subarachnoid space, but 
the intraventricular dye will appear neither in the spinal fluid 
nor in the urine. In the non-absorptive type, on the other 
hand, the appearance of the dye in the urine, whether injected 
into the ventricle or the spinal canal, will be greatly delayed, 
and the total amount excreted will be very small. 

In performing the tests, a neutral solution of the dye should 
be used, as the commonly employed slightly alkaline solution 
acts as an irritant to the brain and cord. Lumbar puncture is 
done and I c.c. of fluid is allowed to escape. A 2 c.c. syringe 
containing 1 c.c. of neutral phenolsulphonephthalein is then 
attached to the needle and the syringe is filled with spinal 
fluid. The diluted dye is slowly injected, and the urine tested 
in 5 minutes for the appearance of the dye. The total amount 
excreted in two hours is estimated. 

Next day 1 c.c. of the dye is injected into the lateral ven- 
tricle. In infants this may readily be done through the lat- 
eral part of the anterior fontanelle. Lumbar puncture is 
done, and the spinal fluid examined for dye every five minutes. 
The urine is examined as above, both for first appearance of 
the dye and for the total amount excreted in two hours. In 
estimating this latter quantity the amount of dye lost by 
lumbar puncture must be taken into consideration. 

The obstructive form of hydrocephalus is best treated by 
puncture of the corpus callosum. In the non-absorptive form 
endeavors should be made to drain the subarachnoid space 
into some convenient receptacle such as the pleural cavity. 
For the hypersecretive variety Frazier recommends the use of 
thyroid feeding, for he found that thyroid gland was the only 
substance which invariably acted as a depressor to the choroid 
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plexus, as shown by diminution in the quantity of cerebro- 
spinal fluid produced. 

CONCUSSION 

Concussion of the brain or commotio cerebri is a condition 
the pathology of which is still far from thoroughly understood. 
It is of importance not so much for its immediate as for its 
later effects. Months or even years after the original injury 
the patient may suffer from headaches of varying severity. 
Many of these cases are doubtless pure neuroses, having their 
basis in the accident with which the condition originated. In 
other cases, however, the condition has a true organic foun- 
dation. 

Lumbar puncture forms a valuable means of differentiat- 
ing between these two classes. The functional type shows no 
abnormality, but in the organic type there is invariably 
heightened pressure and an increased volume of fluid. In the 
early stages the fluid may be of a yellowish or red color, and 
may show an increase of cells and globulin. In the chronic 
stage it is normal in composition. 

The condition of shell shock may be considered in this 
connection. It was at first thought that this was a purely 
functional affection, due to the extreme shock to which the 
nervous system was subjected from the explosion of a great 
shell close at hand. Ravaut, however, examined a series of 
cerebrospinal fluids from such cases, and in a considerable 
number he found blood or a cellular or globulin increase. 
Post-mortem observations of Mott and others have confirmed 
the view that the condition has a definite histological basis, 
for in many of these cases minute haemorrhages have been 
demonstrated in the brain and spinal cord. 

OEDEMA OF THE BRAIN 

Although cerebral oedema can hardly be described as a 
disease in itself, but rather as a complication occurring in 
other diseases, yet its effects are of such importance that it 
deserves separate consideration. 
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A moderate degree of oedema in most parts of the body is 
not usually of much importance in itself, nor does it cause 
grave inconvenience to the patient. In the case of the brain, 
however, we are dealing with an organ confined in a rigid 
non-expandible bony chamber, and the effects of even a slight 
increase in volume are disproportionately great. A moderate 
degree of oedema is accompanied by headache of varying 
degrees of intensity, and marked oedema may be followed by 
still more serious symptoms. There is reason to believe that 
one of the important factors in the convulsions and coma of 
uraemia is cerebral oedema, and in such purely cerebral af- 
fections as cerebral tumor and haemorrhage the presence of 
an accompanying oedema will greatly aggravate the symptoms. 
j The conditions in which oedema of the brain is liable to 

occur are those with which we are accustomed to associate 
oedema in other parts of the body, namely cardiac failure, 
various forms of anaemia, and renal disease. The headaches 
so characteristic of chlorosis probably have their basis in 
cerebral oedema. The importance of recognizing the cedem- 
atous element in these conditions is that simple lumbar punc- 
ture may afford a degree of relief which is as remarkable 
to the physician as it is gratifying to the patient " 
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CHAPTER XVII 

ORGANIC DISEASES OF THE SPINAL CORD 

TUMOR OF THE SPINAL CORD 

In tumors of the cord the cerebrospinal fluid may present 
very varying appearances. It may be quite normal, in which 
case the examination has no diagnostic value. On the other 
hand it may present appearances so characteristic that a pos- 
itive diagnosis of pressure on the cord can be made on the 
pathological findings alone. 

These significant findings about to be described are char- 
acteristic not of all cord tumors, but of those producing pres- 
sure on the cord with a resulting division of the canal into two 
segments, a large upper one in free communication with the 
remainder of the subarachnoid space, and a small lower one in 
which there is complete stagnation of the contained fluid. 
The pressure may be due to intra- or extra-medullary tumors 
of the cord, or to tuberculous or malignant disease of the 
spine. If an intra-medullary tumor fails to produce this 
subdivision of the spinal canal, the fluid will • fail to show 
characteristic changes. 

Two syndromes have been described in this connection. 
In 1903 Froin described 3 fluids which showed marked 
xanthochromia, high protein content, and spontaneous coagu- 
lation on standing, owing to the large amount of fibrin pres- 
ent. In 1908 Nonne pointed out that certain cases of spinal 
cord tumor were associated with a marked increase in globulin 
without a corresponding increase in cells. It is now recog- 
nized that the Nonne syndrome is an early stage of the Froin 
syndrome, and may develop into it. It is perhaps best to 
describe the condition as the Nonne-Froin syndrome. The 
complete picture comprises xanthochromia, spontaneous coag- 
ulation, increase of protein, and absence of lymphocytosis. 

133 
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It is quite unnecessary, however, that all of these should be 
present in order that a diagnosis of cord compression should 
be made. The most characteristic feature is the great protein 
increase without an increase of cells. This in itself, without 
any coloration or spontaneous coagulation of the fluid, is 
sufficient for a positive diagnosis, for in no other known con- 
dition does so remarkable a dissociation occur. Of the two 
cases which have come under my own observation, in one 
there was a clear fluid with very large protein excess but no 
pleocytosis and in the other there was in addition a typical 
xanthochromia. 

According to Mestrezat a yellow coloration of the spinal 
fluid may be met with in icterus, in meningeal inflammation 
with intense vascular congestion, in minute meningeal haemor- 
rhage of at least three days' duration, and in xanthochromia 
with massive coagulation. 

Although characteristically absent it by no means follows 
that a lymphocytosis may not be met with. In syphilitic con- 
ditions or where there is some inflammation of the mem- 
branes of the cord there may be a cellular increase, but the 
protein will still probably be greatly in excess, and if massive 
coagulation and xanthochromia are present confusion will 
not arise. 

That the Nonne-Froin syndrome is not confined to cases 
of tumor of the cord is shown by the observations, amongst 
others, of Sicard and Froin who published a series of observa- 
tions on the spinal fluid in cases of active Pott's disease. In all 
of these the characteristic dissociation was present. 

Babes has described a curious finding in certain cardiac 
cases whom he classifies as asystolique — patients in whom the 
heart is unable to contract in full systole. In 10 such cases 
he found a marked yellow coloration of the fluid without other 
changes. There was no trace of bile in the fluid. He con- 
sidered the condition to be due to stagnation of the blood 
and transudation of blood pigment through the vessel walls. 
He also found a similar coloration in some acute infections 
such as pneumonia and appendicitis, which he ascribes to a 
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condition of abnormal permeability of the choroid plexus with 
consequent haemolysis of red blood corpuscles. 

The mechanism of the phenomenon has already been dis- 
cussed. The prevalent view is that the color is due to blood 
pigment from multiple small haemorrhages. It appears much 
more probable, however, that the condition is one of transuda- 
tion of serum into the spinal cul-de-sac owing to pressure on 
the meningeal venous plexus. The composition of the fluid 
bears a close resemblance to that of at mechanical effusion into 
such a sac as the pleural cavity. 

SYRINGOMYELIA 

Kaplan states that in this condition there may- be a marked 
protein increase without a pleocytosis. He mentions one case 
in which there was some degree .of xanthochromia. These 
findings indicative of cord pressure are only what one would 
expect. In four other cases the fluid was normal. 

ACUTE MYELITIS 

Very few observations on the condition of the spinal fluid 
in this condition have been recorded. In one case of typical 
transverse myelitis under my observation there appeared to 
be a very small amount of fluid present, although punctures 
were made on several occasions. The fluid presented no other 
abnormality. A second case gave a very marked globulin 
reaction, with 30 cells per c. mm. The Wassermann reaction 
was negative. In both of these cases the fluid was sterile. 
Rehm describes similar findings in one case. 

ACUTE ANTERIOR POLIOMYELITIS 

Descriptions of the spinal fluid in poliomyelitis anterior 
acuta which have appeared in the past have varied in a some- 
what surprising degree. One of the chief reasons for the 
divergence of opinion has probably been the different stages 
at which the cases have been examined, for the condition of 
the fluid changes very rapidly as the disease advances. The 
recent American epidemics have offered unrivaled opportuni- 
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ties for investigating the disease in every stage, and a very con- 
siderable extension of our knowledge of the subject has been 
the result. 

The fluid is usually under distinctly increased pressure. 
The pressure may, however, be normal. It is clear, and may 
show a good fibrin network on standing. In rare cases it may 
be slightly cloudy. 

The cellular changes vary with the stage of the disease. 
In the earliest stage, that is to say before the onset of paralysis, 
there is usually a high cell count, consisting of polymorpho- 
nuclear cells and lymphocytes in varying proportions. The 
earlier the stage the higher is the percentage of polymorphs, 
which in some cases may reach to 80 or 90. Cases with turbid 
fluid give a very high polymorph count. Large mononuclear 
or endothelial cells are sometimes present in considerable 
numbers, a finding always suggestive of poliomyelitis. In the 
prodromal stage Peabody, whose work on poliomyelitis is the 
most thorough and valuable contribution to the subject which 
we possess, found that the lowest cell count was 34, the high- 
est 1980. Batten has pointed out that cases with meningeal 
symptoms give the largest cell counts. 

As the disease progresses the cell count rapidly falls, so 
by the time that paralytic symptoms are well developed — at 
which time the fluid is most likely to be examined — the 
pleocytosis may be moderate or only very slight. A coinci- 
dent change in the type of cell takes place, the polymorphs 
being almost entirely replaced by lymphocytes. By the end 
of the third week the cell count may have returned to normal. 

A globulin increase is present which is in inverse ratio to 
the increase in cells. In the early stages it is slight, but in- 
creases with the progress of the disease, until it reaches a 
maximum by the third or fourth week. In no case, however, 
does the increase become excessive. It is almost always less 
than that found in tuberculous meningitis, the condition which 
most resembles poliomyelitis as regards the condition of the 
cerebrospinal fluid. 

Josephine Neal has described two rare occurrences in 
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poliomyelitis, namely true haemorrhage in the fluid and the ex- 
istence of the Froin syndrome. These probably indicate a 
very virulent and acute infection. 

The fluid gives a well marked Fehling reduction. This is a 
point of very considerable importance in differential diagnosis, 
for the meningitic affections with which poliomyelitis is most 
likely to be confused show a diminution in glucose which is 
often very characteristic. Wollstein and other observers have 
investigated the question as to whether specific antibodies can 
be demonstrated in the fluid, but in no case has any trace of 
such antibodies been found. 

An important recent contribution to the subject is that of 
Felton and Maxey on the colloidal gold reaction in the cere- 
brospinal fluid. These observers have found that the fluid 
gave a very constant reduction in the second or luetic zone, that 
is to say in dilutions of from I in 40 to 1 in 160. The reaction 
is most marked in the first week. In the second and third 
weeks it shows some tendency to weaken, but in many cases 
is still well marked. After the fourth week it diminishes and 
finally disappears. 

In reviewing our knowledge of the changes in the cerebro- 
spinal fluid in acute poliomyelitis it is evident that there is no 
one pathognomonic feature comparable with the presence of 
the meningococcus or the Wassermann reaction. The changes 
can in no sense be described as specific. And yet it would be 
a great mistake to think that an examination of the fluid is 
not of immense value in the practical task of arriving at a 
diagnosis. There is a modern tendency to demand too much 
from the laboratory. After all, in a large number of cases 
laboratory results do not give information which is absolutely 
specific, but merely afford an indication to the clinician which 
enables him to use his powers of discrimination and judgment 
in arriving at a correct diagnosis. A high leucocytosis in the 
blood may be met with in an immense variety of conditions, but 
that fact does not lessen its value as a means of differentiating 
between colic and acute appendicitis. 

Acute poliomyelitis has to be differentiated from meningitic 
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and non-meningitic conditions. The early prodromal stage 
before the onset of the paralysis is the time when it is most 
important to make a correct diagnosis. At this stage the dis- 
ease may bear a close resemblance to a number of febrile con- 
ditions, in which, however, there is absolutely no involvement 
of the central nervous system. The age of the patient, the 
mode of onset, or still more the prevalence at the time of an 
epidemic of poliomyelitis may suggest to the physician the pos- 
sibility of the disease. A lumbar puncture will at once settle 
the question, for the non-meningitic affection will show a 
normal fluid, whereas in every case of poliomyelitis at this 
early stage there will be pathological changes present. 

The differentiation between poliomyelitis and acute men- 
ingitis is, however, a much more difficult task, in so far at 
least as the condition of the cerebrospinal fluid is concerned. 
The most valuable single point is the presence in meningi- 
tis of the causative organism. The meningococcus, pneu- 
mococcus, streptococcus, or tubercle bacillus can usually be 
demonstrated to the exclusion of poliomyelitis. These organ- 
isms, however, cannot always be found. In such cases the 
general character of the fluid must be taken into considera- 
tion. In meningitis due to the pyogenic organisms the fluid 
is almost always more or less turbid or purulent, and the cell 
count and protein increase are very much higher than in 
poliomyelitis. The proportion of polymorphs is always very 
high, which is never the case in poliomyelitis after the first two 
or three days. The Fehling reducing power of the fluid is 
commonly decreased or entirely lost in purulent meningitis, 
whereas it is unaffected in poliomyelitis. 

The difficulty of differentiation is perhaps greatest in the 
case of tuberculous meningitis, on account of the insidious 
nature of the onset, the frequent difficulty of detecting the 
tubercle bacillus, and the similarity between the fluids in the 
two conditions. In tuberculous meningitis the pressure is 
likely to be higher, the globulin reaction to be more marked 
in the early stages, and the Fehling reducing power to be 
diminished. A considerable number of polymorphs after 
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third or fourth day suggests meningitis. The presence of 
endothelial or large mononuclear cells in appreciable numbers, 
on the other hand, is fairly strong evidence, according to 
Abramson, of poliomyelitis as these cells are rarely met with 
in tuberculous meningitis. 

The colloidal gold test usually gives a well marked reaction 
in all forms of meningitis in Zone 3, that is to say, with di- 
lutions higher than 1-160. In poliomyelitis on the other hand, 
the reaction occurs in Zone 2 with dilutions between 1-40 and 
1-160. Tuberculous meningitis is again likely to prove the 
greatest stumbling block, for in this condition the maximum 
change tends to occur nearer the second zone than in the other 
forms of meningitis. In a series of comparative tests carried 
out by Jeans and Johnston, however, the poliomyelitis fluids 
gave a reaction with distinctly lower dilutions than did those 
from tuberculous meningitis. 

It will be seen that although there is no single point in the 
chemical and cystological examination of the fluid of the same 
diagnostic value as the discovery of the tubercle bacillus, yet 
a reasoned consideration of the various facts disclosed will 
usually enable the physician to arrive at a correct conclusion. 
It is in the early preparalytic stage that the clinical signs are 
indeterminate, and fortunately this is the stage in which the 
laboratory evidence is most characteristic and convincing. 
Up to the present it has not been possible to base the prognosis 
on the condition of the cerebrospinal fluid, for there may be 
no difference between the fluid of the cases which are going 
to terminate fatally and those which will make a good re- 
covery. 

The bacteriology of poliomyelitis is still in a very unsettled 
state, and it is impossible as yet to draw any definite con- 
clusions from the work which has been done. Two main 
Views have been advanced. Flexner and his co-workers at 
the Rockefeller Institute hold that the "globoid bodies" 
which they have isolated from the brain and cord of cases of 
poliomyelitis are the causal agent of the disease. This or- 
1 culture, and animal inoculations 
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have reproduced in monkeys lesions which are said to be char- 
acteristic of the condition. 

Mathers, Rosenow, Nazum and Herzog, and others have 
isolated a streptococcus from the central nervous system which, 
according to them, is capable of reproducing the disease in 
monkeys. Nazum described the presence of this organism 
in the cerebrospinal fluid of cases of poliomyelitis. The most 
recent work of Rosenow and Towne offers a suggested expla- 
nation of the differences in the results of the two sets of 
workers. The streptococci isolated from the spinal cord main- 
tain the form of diplococci under ordinary aerobic conditions. 
With a medium containing ascitic fluid and fresh sterile tissue, 
however, they gradually diminish in size by transverse fission, 
and in the course of ten days a pure growth of globoid bodies 
may be obtained. Rosenow and Towne are of the opinion 
that the globoid bodies of the Rockefeller Institute workers 
are in all cases the result of the breaking down of large dip- 
lococci. More cannot be said on the subject until further 
work has confirmed or disproved the results of the different 
investigators. 

SUBACUTE COMBINED DEGENERATION 

Very few observations on the cerebrospinal fluid in this 
interesting condition are on record. I have only had the 
opportunity of examining two cases. The blood and neuro- 
logical pictures were quite typical, but the spinal fluid showed 
little change. There was a very slight increase of globulin, 
but the cell count was normal. Kaplan, however, describes 
three cases in which the changes resembled those seen in com- 
pression of the cord — very marked globulin increase with 
no pleocytosis. 

Cases of pernicious anaemia with cord changes which often 
bear so close a resemblance to subacute combined degenera- 
tion that it is difficult to know where to draw the line of dis- 
tinction, present a perfectly normal fluid. That is to say, 
our present methods fail to detect any abnormality. It is al- 
most inconceivable, however, that in a condition where toxins 
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must certainly be acting upon the cord the fluid which bathes 
the cord is in reality normal. 

MULTIPLE SCLEROSIS 

In a series of 18 cases which I examined no constant pathog- 
nomonic change was found. The fluid was clear and under 
normal pressure. In about a quarter of the cases it showed 
no change. In most of the cases, however, there was a slight 
to moderate lymphocytosis, never exceeding 30 cells per c. mm. 
The globulin showed a slight increase, but to a somewhat 
lesser extent. Multiple sclerosis is such a characteristically 
toxic disease that it is desirable that inoculation and other 
experiments should be performed in as many cases as pos- 
sible, and at different stages of the disease. Bullock suc- 
ceeded in producing suggestive lesions in a rabbit by the in- 
jection of cerebrospinal fluid from a case of multiple sclerosis. 

HERPES ZOSTER 

The pathological basis of herpes zoster bears a very close 
resemblance to that of anterior poliomyelitis, and this rela- 
tionship is reflected in the condition of the cerebrospinal fluid. 
In true herpes zoster and in herpes due to inflammation of the 
ganglia on the cranial nerves there is a well marked cellular 
increase, the average number of cells being as a rule about 
50 per c. mm. The cells are mainly small lymphocytes, but 
in some cases a considerable number of large lymphocytes are 
found. The pleocytosis may last for several weeks after the 
herpetic eruption has completely disappeared. The globulin 
may show a slight increase but the fluid in other respects 
appears to be normal. 
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CHAPTER XVIII 

MENTAL DISEASES 

The blood shows so many changes in various pathological 
conditions affecting the body that it might be confidently sup- 
posed that the cerebrospinal fluid which bathes the inmost 
recesses of the brain would show similar changes in mental 
disease. And yet, with the exception of those forms of in- 
sanity due to syphilis, the results have been distinctly disap- 
pointing. This is all the more remarkable because in some 
of the acute psychoses the evidence of an acute irritant being 
at work is in many cases very striking. The temperature is 
raised, the tongue coated, and the blood shows in many cases 
a well marked leucocytosis. Under these circumstances it 
might be supposed that, as the most striking symptoms are 
those indicative of the action of an irritant on the brain, some 
corresponding change would be found in the fluid which sub- 
serves the function of the lymph of the brain. 

MANIC-DEPRESSIVE INSANITY 

In a long series of cases of manic-depressive insanity, I 
uniformly failed to find any change in the spinal fluid, even 
during attacks of the greatest excitement. Other workers 
have obtained similar results. I cannot but feel that the ex- 
planation of these negative results lies in the coarseness of 
the methods at our disposal. If there is not a cellular or a 
globulin increase we conclude that the fluid is normal. The 
future, however, is certain to give us methods of greater re- 
finement, and when these are employed it is more than likely 
that important changes will be found in the spinal fluid in the 
toxic psychoses. 
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It is quite unnecessary, however, that all of these should be 
present in order that a diagnosis of cord compression should 
be made. The most characteristic feature is the great protein 
increase without an increase of cells. This in itself, without 
any coloration or spontaneous coagulation of the fluid, is 
sufficient for a positive diagnosis, for in no other known con- 
dition does so remarkable a dissociation occur. Of the two 
cases which have come under my own observation, in one 
there was a clear fluid with very large protein excess but no 
pleocytosis and in the other there was in addition a typical 
xanthochromia. 

According to Mestrezat a yellow coloration of the spinal 
fluid may be met with in icterus, in meningeal inflammation 
with intense vascular congestion, in minute meningeal haemor- 
rhage of at least three days' duration, and in xanthochromia 
with massive coagulation. 

Although characteristically absent it by no means follows 
that a lymphocytosis may not be met with. In syphilitic con- 
ditions or where there is some inflammation of the mem- 
branes of the cord there may be a cellular increase, but the 
protein will still probably be greatly in excess, and if massive 
coagulation and xanthochromia are present confusion will 
not arise. 

That the Nonne-Froin syndrome is not confined to cases 
of tumor of the cord is shown by the observations, amongst 
others, of Sicard and Froin who published a series of observa- 
tions on the spinal fluid in cases of active Pott's disease. In all 
of these the characteristic dissociation was present. 

Babes has described a curious finding in certain cardiac 
cases whom he classifies as asystolique — patients in whom the 
heart is unable to contract in full systole. In 10 such cases 
he found a marked yellow coloration of the fluid without other 
changes. There was no trace of bile in the fluid. He con- 
sidered the condition to be due to stagnation of the blood 
and transudation of blood pigment through the vessel walls. 
He also found a similar coloration in some acute infections 
such as pneumonia and appendicitis, which he ascribes to a 
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condition of abnormal permeability of the choroid plexus with 
consequent haemolysis of red blood corpuscles. 

The mechanism of the phenomenon has already been dis- 
cussed. The prevalent view is that the color is due to blood 
pigment from multiple small haemorrhages. It appears much 
more probable, however, that the condition is one of transuda- 
tion of serum into the spinal cul-de-sac owing to pressure on 
the meningeal venous plexus. The composition of the fluid 
bears a close resemblance to that of a mechanical effusion into 
such a sac as the pleural cavity. 

SYRINGOMYELIA 

Kaplan states that in this condition there maybe a marked 
protein increase without a pleocytosis. He mentions one case 
in which there was some degree .of xanthochromia. These 
findings indicative of cord pressure are only what one would 
expect. In four other cases the fluid was normal. 

ACUTE MYELITIS 

Very few observations on the condition of the spinal fluid 
in this condition have been recorded. In one case of typical 
transverse myelitis under my observation there appeared to 
be a very small amount of fluid present, although punctures 
were made on several occasions. The fluid presented no other 
abnormality. A second case gave a very marked globulin 
reaction, with 30 cells per c. mm. The Wassermann reaction 
was negative. In both of these cases the fluid was sterile. 
Rehm describes similar findings in one case. 

ACUTE ANTERIOR POLIOMYELITIS 

Descriptions of the spinal fluid in poliomyelitis anterior 
acuta which have appeared in the past have varied in a some- 
what surprising degree. One of the chief reasons for the 
divergence of opinion has probably been the different stages 
at which the cases have been examined, for the condition of 
the fluid changes very rapidly as the disease advances. The 
recent American epidemics have offered unrivaled opportuni- 



CHAPTER XIX 
GENERAL DISEASES 

DIABETES 

In diabetes mellitus the sugar content of the spinal fluid 
closely parallels that of the blood. It thus differs, as Hop- 
kins has pointed out, from the condition found in acute in- 
fectious hyperglycemia without any accompanying increase 
in the cerebrospinal sugar. In diabetic coma the increase 
is usually very marked and as much as 0.5 per cent, of glucose 
may be found in the fluid. A very high sugar content is of 
great diagnostic and prognostic importance. It is not an in- 
variable rule, however, that cases in which coma is threat- 
ened should show this great increase an sugar and its absence 
is not sufficient evidence for a negative diagnosis, although it 
would be one point against it. The presence of sugar in the 
fluid depends not only upon a condition of hyperglycemia but 
also upon interference with the selective action of the choroid 
plexus. 

More important is the appearance of acetone in the fluid. 
This is never present except in cases of coma or unless coma 
is impending. In obscure cases of coma in which a sample of 
the urine cannot be obtained very great assistance may there- 
fore be afforded by the examination of the cerebrospinal fluid. 
Diacetic acid is found more rarely, and its presence is always 
an indication of the extreme gravity of the case. 

UREMIA 

In uraemic convulsions and in eclampsia the cerebrospinal 

pressure is raised and the amount of fluid increased. Even 

in uraemia without convulsions the pressure is often above 

normal. In a number of cases of uraemic convulsions a con- 
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siderable lymphocytosis has been found, but this is not a 
constant feature. 

In all uraemic states, whether accompanied by convulsions or 
not, an estimation of the urea content of the cerebrospinal 
fluid is of the greatest value both in diagnosis and prognosis. 
It parallels in a remarkable way the urea content of the blood, 
but while the estimation of the latter is a matter of some 
difficulty demanding refined methods of chemical analysis, 
that of the former can be carried out with the greatest ease. 
An examination of the cerebrospinal fluid thus affords a 
ready method of estimating the degree of urea retention in 
the body. 

The normal urea content of the cerebrospinal fluid varies 
from o.oi to 0.05 or 0.06 per cent. Anything above this 
must be regarded as indicating some degree of urea reten- 
tion. According to Mestrezat cases of renal impermeability 
to urea without any symptoms of uraemia may show a urea 
content up to 0.1 per cent. In true uraemia the urea content 
may be anything from 0.1 to 0.6 per cent. The variations in 
the amount of urea closely correspond with those of the blood. 
In practice it is often found that cases of cardio-vascular dis- 
ease show signs and symptoms highly suggestive of true 
uraemia, but in such cases, as Canti has pointed out, the urea 
content of the spinal fluid remains normal. An estimation 
of the cerebrospinal urea is therefore a valuable aid in diag- 
nosis, and in cases which are seen for the first time in a state 
of coma it may be the only method available. 

Nor is it of any less value in questions of prognosis. All 
the work which has been done so far tends to prove that the 
higher the urea content the graver is the prognosis. The 
critical figure may be taken as 0.3 per cent. According to 
Mestrezat cases which exceed that figure are almost invariably 
fatal, whereas those below that figure may be regarded as 
curable, and many of them recover. Soper and Grant ar- 
rived at somewhat similar conclusions. They consider that 
if the urea content only reaches 0.1 per cent, no prognostic 
conclusions can be drawn. Between 0.1 and 0.2 per cent. 
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many of the cases proved fatal. Above 0.2 per cent, all the 
cases showed severe uraemia and ran a speedy course. 

The estimation of the urea is conveniently carried out by 
the hypobromite method. To 5 c.c. of cerebrospinal fluid are 
added 25 c.c. of 40 per cent, potassium hydrate and 2.2 c.c. 
of bromine, and the result is read in a Doremus ureometer. 

Wells, using the more delicate urease method as modified by 
Van Slyke, found that there was a close relation between the 
urea nitrogen and the total non-protein nitrogen both in the 
blood and the spinal fluid. 

The retention of chlorides in the body so characteristic of 
uraemia is reflected in the cerebrospinal fluid. The normal 
chloride content of the fluid is 0.73 per cent. In uraemia and 
eclampsia this may be increased to 0.8 or more. 

After eclamptic seizures considerable quantities of lactic 
acid may be present in the fluid, as much as 4 per cent, having 
been recorded. In the normal fluid there is either none present 
or only the merest trace. The Uffelmann test is not suitable 
for demonstrating the presence of lactic acid in the spinal 
fluid, and that of Reichmann should be used. At least 10 
c.c. of spinal fluid are treated with 5 c.c. of 96 per cent, al- 
cohol, and filtered after an interval of 12 hours. The filtrate 
is washed, treated with hot alcohol, and dried. The residue 
is placed in a test tube to which are added 3 drops of deci- 
normal H 2 S0 4 and then 10 c.c. of ether, the whole being well 
shaken, A dilute solution of ferric chloride is placed in two 
test tubes, to one of which is added the etherial extract. A pale 
golden color, which can be compared with the control tube, 
indicates the presence of lactic acid. 

CHOREA 

The etiology of chorea is still uncertain. It certainly ap- 
pears to bear a close relationship to acute articular rheumatism. 
Several attempts have been made to associate chorea with 
syphilis. In order to try to settle these points several small 
series of observations have been made on the spinal fluid. 

Such observations conclusively prove that syphilis bears 
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no etiological relationship to the disease. Koplik examined 
the spinal fluids in 10 cases, and in all the Wassermann re- 
action was negative. Marie and Chatelin in 19 12 and Comby 
in 19 1 5 had already obtained similar results. 

In many cases of chorea, however, there is some evidence 
of the action of an irritant on the central nervous system as 
shown by the presence of a leucocytosis. A number of French 
observers — Thomas and Tinel, Claude, and others — have 
described the occurrence of a marked lymphocytosis. No ex- 
tensive series of cases has been reported, however. In a small 
series of 7 cases I found the fluid perfectly normal, except 
that in one case there was a slight lymphocytosis of 17 per 
c. mm. In a series of 10 cases Morse and Floyd had three 
with counts of 18, 24, and 25. 

Many observations have been made on the bacteriology of 
the fluid during life, but with negative results. Poynton and 
Paine succeeded in isolating the organism which they term 
the diplococcus rheumatictis from the spinal fluid post-mortem 
in three cases which died of acute rheumatism complicated by 
chorea. They figure these organisms together with the cel- 
lular exudate in their paper. 

MUMPS 

It might be thought that mumps was hardly the type of 
disease in which changes in the cerebrospinal fluid might be 
expected. And yet in a considerable number of cases men- 
ingeal complications may occur. These vary in intensity from 
restlessness with signs of cerebral irritation to delirium and 
paralysis of cranial nerves. It is but natural that the cases 
with cerebral complications are the only ones in which a 
systematic examination of the cerebrospinal fluid has been 
conducted, but in these cases a very constant change has been 
observed, namely a great increase in the number of lympho- 
cytes without a corresponding increase in the globulin. There 
may be several thousand cells per c. mm., over 90 per cent, 
of which are lymphocytes. These changes have been de- 
scribed by a number of French writers such as Dopter and 
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PNEUMONIA 



Few observations have been made on the spinal fluid in 
pneumonia apart from those cases which show evidence of 
developing pneumococcal meningitis. Rohdenburg and Van- 
der Veer made a series of observations on the condition of the 
fluid in all cases of pneumonia admitted to hospital, whether 
these manifested symptoms of meningeal irritation or not. 
The only case of the series which showed meningeal symptoms 
was the only one with a turbid spinal fluid. The remaining 
cases, however, showed various pathological changes in a re- 
markable number of instances. The observers considered that 
these changes were of distinct prognostic value. Should fur- 
ther work confirm these results it may furnish the clinician 
with an additional means of arriving at a correct prognosis 
in a disease in which prognosis is always difficult. 

Pneumococci were found on culturing the fluid in a much 
higher proportion of the fatal cases than in those which re- 
covered. Of the fatal cases 87 per cent, showed pneumococci 
in the fluid, whereas those which recovered only gave 13 
per cent. The average cell count of those who died was 212; 
that of those recovering was 50. In the sterile fluid the count 
was much lower. There is need for further observations of 
this nature on other series of cases. 

SLEEPING SICKNESS 

Of all the observations on the cerebrospinal fluid none have 
been of greater importance than those in sleeping sickness. 
For it is now known that sleeping sickness is but one mani- 
festation of that very widely spread tropical disease, trypan- 
osomiasis, and that the fatal symptoms do not make their ap- 
pearance until the trypanosomes have succeeded in passing 
from the blood to the cerebrospinal fluid. 

In many ways the disease bears a close resemblance to gen- 
eral paresis. In both conditions the nervous lesions may be 
preceded for a long time by a systemic infection. In both, 
one of the chief features is a lymphocytic infiltration of the 
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meninges and the perivascular lymphatic sheaths. In both a 
lymphocytosis occurs in the cerebrospinal fluid. 

The ordinary worker rarely has the opportunity of observ- 
ing such a case, but it appears that the cytological picture in 
the fluid is similar to that of general paresis. The most char- 
acteristic feature, however, is the presence in the spinal fluid 
of Trypanosoma gambiense. 

TRICHINOSIS 

The absolute diagnosis of trichinosis is not usually a simple 
matter. The general symptoms and especially the character- 
istic eosinophilia in the blood may point strongly to the prob- 
ability of an infection with Trichina spiralis, but unless a 
piece of muscle be excised and the larvae demonstrated, abso- 
lute certainty can hardly be attained. 

It has latelv been discovered that in a number of cases an 
early infection of the cerebrospinal fluid occurs. Strange 
though it may appear, the larvae have the power of making 
their way into the spinal fluid, and can be demonstrated there 
with ease. Linty reports three cases in which several motile 
embryos were present in every field of the centrifuged de- 
posit, although there was no increase of the cells or globulin. 
If further work shows that this cerebrospinal invasion is an 
early and constant feature, a new and valuable means of 
diagnosis will have been placed in the hands of the clinician. 

Although eosinophils J^e so numerous in the blood in this 
condition, they have not been reported as occurring in the 
cerebrospinal fluid. Occasionally, however, the spinal fluid 
may respond in this way to infection by animal parasites. 
Two cases of infection of the brain by Cysticercus cellulosse 
were accompanied by a marked eosinophilia in the cerebro- 
spinal fluid as well as in the blood. Such a condition may be 
taken as pathognomonic of animal parasitic infection of the 
central nervous system. 
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CHAPTER XX 

THERAPEUTICS 

Lumbar puncture was originally introduced by Quincke with 
the object of relieving intracranial pressure. In the 25 years 
which have elapsed since then interest has been mainly cen- 
tered on the diagnostic possibilities of the examination of the 
cerebrospinal fluid. Recently, however, therapeutics have 
again claimed attention, and a number of important advances 
in this direction have been made. 

LUMBAR PUNCTURE 

The original conception of lowering intracranial pressure 
by lumbar puncture has been widened and applied to a variety 
of conditions. At the same time it is recognized that the op- 
eration is not devoid of danger, and that certain precautions 
must be observed. The possibility of accidents occurring dur- 
ing the withdrawal of fluid in cases of cerebral tumor has al- 
ready been discussed. 

In a large number of diseases symptoms of increased intra- 
cranial tension may appear, and in many cases relief of these 
symptoms may be afforded by lumbar puncture. It is only 
possible to give the briefest summary of such cases. 

The value of lumbar puncture in uraemic coma and eclamp- 
sia has already been commented on. Many cases have been re- 
ported in which brilliant results have followed this simple 
operation. Thus Wilson described two cases of puerperal 
eclampsia which had each had more than 20 convulsions. 
The patients were in a very serious condition and were rap- 
idly passing into a state of coma. All methods of treatment 
had been tried, but without avail. The withdrawal of 40 c.c. 
by lumbar puncture was followed by speedy relief, the con- 
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vulsions ceased, the threatened coma passed off, and both pa- 
tients made a good recovery. I have seen a similar result in 
a case of commencing uraemic coma, and the method is well 
worthy of trial in every case in which there is reason to be- 
lieve that a condition of cerebral oedema may exist. 

The persistent headaches which sometimes constitute so 
troublesome an accompaniment of amemia may be greatly 
relieved by lumbar puncture. From 5 to 10 c.c. of fluid may 
be withdrawn at intervals, relieving the tension within the 
skull and allowing the intracranial conditions to return to a 
state of normal equilibrium. The headaches of neurasthenia 
and other nervous conditions may be benefited by similar 
treatment. 

A not uncommon manifestation of disturbed intracranial 
tension is disturbance of the auditory mechanism. Deafness, 
tinnitus, and auditory vertigo may be associated with high 
cerebrospinal pressure, and the symptoms may be wonderfully 
relieved by a series of lumbar punctures. Babinski describes 
one case, aged 35, who had been a deaf mute for over two 
years, but who could hear a voice at 20 cm. after three lumbar 
punctures. In this case 15 c.c. of fluid were withdrawn on 
each occasion. The most promising cases are those of per- 
sistent tinnitus. An intimate relationship exists between the 
pressure of the cerebrospinal fluid and that of the perilymph 
and endolymph of the labyrinthine canal, and some cases of 
tinnitus and vertigo are undoubtedly due to disturbance of 
this relationship. Typhus fever may sometimes be accom- 
panied by deafness, which is usually greatly relieved by lum- 
bar puncture. 

Convulsions in children, of which the etiology is frequently 
so indeterminate, may often be more quickly relieved by lum- 
bar puncture than by any other therapeutic measure. In one 
case of convulsions in an infant the patient was almost mori- 
bund as the result of a long series of fits. The fontanelle 
showed marked bulging and the intracranial pressure was evi- 
dently considerably increased. Withdrawal of a clear and 
apparently normal fluid under pressure prevented the child 
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from having any more fits for a week. At the end of that 
time they returned, and the fontanelle was again found to be 
bulging. A second withdrawal was again successful for an- 
other week. Once more the fits returned, but the third punc- 
ture effected a complete cure, and the child has remained well 
ever since. Apparently a disturbance in the intracranial 
equilibrium had occurred which was purely temporary, and 
when the immediate danger had been tided over the disturbed 
balance returned to normal. It is probable that these disturb- 
ances may readily occur in children, and in lumbar puncture 
we have a really valuable means of dealing with the emergency. 
They are examples of a mild form of what has already been 
described as hypersecretive hydrocephalus. 

In rare cases it may happen that although there are marked 
signs of high intracranial tension lumbar puncture affords no 
relief and the pressure of the spinal fluid does not appear to 
be raised. In such cases, which are really examples of in- 
ternal or obstructive hydrocephalus, it may be permissible to 
puncture the lateral ventricle through the anterior fontanelle. 
Fischer has described a case of very severe convulsions fol- 
lowing whooping cough in a baby of 8 months. All forms of 
treatment including lumbar puncture were of no avail, but 
the withdrawal of 22 c.c. of clear cerebrospinal fluid from the 
right ventricle of the brain was followed by an immediate ces- 
sation of the convulsions and the complete recovery of the 
patient. The needle was introduced downwards and towards 
the middle line to a depth of 1.8 inches at an angle of 20 
degrees. 

The question of the advisability of lowering intracranial 
pressure by lumbar puncture in cases of cerebral tumor is a 
debatable one. It has already been emphasized that this is 
the one condition in which the greatest caution must be ex- 
ercised. Tumors in the posterior fossa should not be de- 
compressed in this way. The danger is too great, and in any 
case only a very small quantity of fluid could be withdrawn. 
In tumors situated in the anterior and middle cranial fossre, 
however, a spinal decompression sometimes provides a useful 
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and simple means of relieving the headache and the optic 
neuritis. A large quantity of fluid should not be withdrawn 
at once, but a number of small amounts on frequent occasions. 

Lumbar puncture has proved a useful measure in a variety 
of war injuries. Many cases of hernia cerebri have derived 
benefit from repeated tappings, but great caution must be used, 
as there is a distinct danger that localized pockets of pus may 
become disseminated if the pressure is suddenly lowered. In 
concussion and shell shock the cerebrospinal pressure may be 
markedly increased, and in such cases lumbar puncture will be 
found of great value. 

A curious and interesting example of the diverse uses to 
which lumbar puncture may be put is afforded by a case re- 
cently published by Costa. The case was one of podalic ex- 
traction with central placenta praevia. The head of the child 
could not be delivered, so lumbar puncture was performed. 
As the head passed through the inlet fluid gushed from the 
needle and ceased when the head emerged. It is estimated 
that the diameter of the head can be diminished 0.5 cm. by 
this means. 

THE SERUM TREATMENT OF MENINGITIS 

The mortality from meningococcal meningitis used to av- 
erage about 80 per cent. Both in the American and in the 
English epidemics it was seldom that the death rate fell below 
75 per cent. In 1907, however, Simon Flexner introduced 
the intraspinal use of antimeningococcal serum, and the mor- 
tality at once showed a marked and sudden drop. In most 
recent epidemics the figure has ranged between 25 and 30 per 
cent. 

In the winter of 19 14- 15 at the outbreak of the war there 
were a large number of cases of epidemic meningitis owing to 
the great bodies of men collected in barracks and camps. 
These cases were treated by the injection of serum, but the 
results were very unsatisfactory. The same was true for the 
cases which came under my observation in Belgium. In these 
latter cases we got quite as good results by frequent lumbar 
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puncture as by the use of serum. It was considered at the 
time that the disappointing results were probably due to the 
strains of meningococci which caused the disease being dif- 
ferent from those with which the serum was prepared. Now, 
however, it appears certain that the serum used was of 
poor quality. Fresh samples of serum were obtained, and 
the mortality again fell to below 30 per cent. 

Much depends on the promptness with which the serum is 
administered. The earlier in die disease it is given the better 
are the results. It is well to go to a suspected case armed 
with serum, a microscope, and the means for preparing a 
film. A diagnosis can be made at the bedside, and if the men- 
ingococcus is found the serum can be given on the spot. Even 
if laboratory facilities are not available the serum should be 
taken, and injected if the fluid is at all turbid, or if it fails to 
reduce Fehling's solution. 

The technic is very simple. A large-sized lumbar punc- 
ture needle is introduced into the subarachnoid space, and as 
much or more fluid withdrawn as it is intended to inject. 
This is absolutely essential, and in itself is a measure of 
proved therapeutic value. A sterile glass funnel or cylinder — 
the barrel of a 20 c.c. syringe will do perfectly — and a rub- 
ber tube about 18 inches in length are attached to the needle 
by a metal connection, and the serum, heated to body temper- 
ature, is run in by gravity. The inflow may be fast or slow, 
but however slow the temptation to use pressure with a syringe 
should be resisted. If not, the consequences may be disas- 
trous. If the proper amount of spinal fluid has been with- 
drawn, sufficient patience exercised, and the patient directed 
to take deep breaths, no pressure need ever be used. A gen- 
eral anaesthetic may be necessary, especially in children. Each 
case must be decided on its own merits. 

The usual dose of serum is 30 c.c. In children half that 
quantity may be used. If a large amount of fluid can be 
withdrawn the dose may be increased in very serious cases. 
The question of how often the serum should be given is an 
important one. It should certainly be continued until definite 
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clinical improvement has taken place. It must be remem- 
bered that an apparent improvement may occur about the 
second or third day, followed by a relapse. It is therefore 
advisable to give the serum for at least three days. In severe 
cases a much larger number of doses will be required. The 
bacteriological content of the fluid is not very reliable as a 
guide in prognosis, and it must be borne in mind that the 
ventricular fluid may be swarming with meningococci, al- 
though none can be found in the spinal fluid. Acute men- 
ingitis is no longer regarded as merely an infection of the 
meninges; it is rather a local manifestation of a general blood 
infection. It is good practice, therefore, to combine intra- 
venous with intraspinal injections, using for that purpose 30 
c.c. or more of the serum. 

The bacteria rapidly degenerate and disintegrate so that 
after the first injection it is not usually possible to obtain a 
culture, and after the second or third the organisms lose their 
staining reaction. The cytology of the fluid, however, affords 
more valuable indications as to the success of the treatment, 
and it is most interesting to watch day by day the cell count 
gradually dropping, and the polymorphs being replaced by 
lymphocytes. The turbidity at the same time progressively 
diminishes. 

Occasionally the serum may produce an inflammatory re-' 
action which it may be difficult to distinguish from a true re- 
lapse. The fluid again becomes turbid, and large numbers 
of polymorphs make their appearance. In such cases the es- 
timation of the sugar is of great value. As the patient im- 
proves the Fehling- reducing power of the fluid gradually 
returns. In a true relapse it promptly disappears owing to the 
renewed activity of the sugar-splitting organisms. In the 
pseudo-relapse due to the irritation of the serum, on the other 
hand, the Fehling-reducing power is unaffected. 

It may happen that no serum is available for treatment. 
In such cases lumbar puncture should be done every day, at 
least 30 c.c. being withdrawn. The physician is often too 
timid in the amount of fluid which he withdraws. I have 
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drawn off 70 c.c. of fluid from a boy of 12 on three successive 
days, and the only effect was the most marked relief of # the 
headache and other clinical symptoms. It is somewhat re- 
markable that the more abnormal the fluid the less disturb- 
ance does its withdrawal produce. It is in the normal person 
that the withdrawal of even small quantities of fluid is apt 
to produce unpleasant results of some severity. The with- 
drawal of large quantities of purulent material is a sound 
physiological and surgical procedure. It is simply opening an 
abscess, draining thoroughly, lowering the pressure, and al- 
lowing fresh serum containing antibodies to pour in from the 
blood. It is obviously not sufficient to do this once, any 
more than it is enough to dress a septic wound once. The 
procedure must be repeated daily. Even when serum treat- 
ment has been discontinued it is well to continue the spinal 
drainage till the fluid has returned to a fairly normal con- 
dition. 

After the administration of each dose of serum it is well 
to raise the foot of the bed on blocks so that the serum may 
the more readily reach the brain. 

It occasionally happens that the clinical signs point con- 
clusively to the existence of an obstruction to the outflow 
of the ventricular fluid. In such cases lumbar puncture and 
intraspinal administration of serum are useless. The lateral 
ventricle must be drained and serum given by that route. 
This operation is not so difficult as might be imagined. In 
the case of children in whom the fontanelle is still open the 
needle is introduced at the lateral angle of the fontanelle, and 
passed downwards and inwards for 1^2 inches. If the fon- 
tanelle is closed a trepine opening is made at a point a little 
behind it and to one side of the middle line, so as to miss the 
superior longitudinal sinus. 

The injection of a variety of antiseptic substances has been 
tried in the treatment of meningitis, but none have given any 
satisfaction. Pneumococcal and streptococcal cases should be 
treated by repeated spinal drainage. As the former is such 
a fatal illness it may be well to mention a case reported by 
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Wolff and Lehmann, in which typical pneumococcal meningitis 
was treated by injections of optochin (ethylhydrocuprein), 
which has a specific action on the pneumocoocus. The drug 
was injected into the spinal canal, the ventricles and under the 
skin. The patient made a good recovery. The intraspinal 
dose was 0.03 grams. 

TUBERCULOUS MENINGITIS 

• 

The treatment of tuberculous meningitis has been in the past 
one of masterly inactivity. Frequent lumbar punctures may 
relieve the headache, but fail to affect the course of the disease. 
Any new method is, therefore, worthy of trial. Bacigalupo 
treated three cases, in which tubercle bacilli were present in 
the spinal fluid, by intraspinal injections of tuberculin. The 
first was a hopeless case, for it was complicated by general 
miliary tuberculosis, and the patient could hardly have been 
expected to recover. Of the other two cases, one received two 
and the other three injections, and in the course of 20 days 
they both made a good recovery. The usual dosage of tuber- 
culin is employed, depending largely upon the age of the 
patient. 

POLIOMYELITIS 

The serum treatment of poliomyelitis may be considered 
here. It is an unfortunate fact that it has not so far been 
possible to produce an efficient antipoliomyelitic serum from 
the horse. Flexner found, however, that the intraspinal in- 
jection into an ape of the serum of another ape which had re- 
covered from the disease had a distinctly curative value. He 
has applied the principle to man, with encouraging results. 
The serum should be obtained if possible from a patient who 
has recovered from the disease within the last 5 years, but the 
antibodies remain in the blood for a considerably longer time. 
From 5 to 10 c.c. should be injected into the spinal canal every 
day for 8 days. The serum should be given if possible in the 
prodromal stage of the disease. 
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THE INTRA-SPINAL TREATMENT OF NEURO-SYPHILIS 

For purposes of treatment the classification of nervous 
syphilis into interstitial and parenchymatous is one of great 
value. The former, the so-called cerebrospinal syphilis, has 
always been recognized as being amenable to treatment. Long 
before the days of salvarsan and intraspinous injections it 
was a delight to watch a syphilitic ocular palsy clear up under 
mercury and potassium iodide. The intravenous administra- 
tion of salvarsan has rendered the treatment of this condition 
still more satisfactory. But the treatment of parenchymatous 
nervous syphilis — general paresis, tabes dorsalis — has long 
been the despair and the opprobrium of the neurologist. 

Our increased knowledge of the relation of the neural ele- 
ments to the cerebrospinal fluid offers some explanation for 
the inadequacy of treatment. Spirochetes in the walls of 
the blood vessels and in the meninges can be readily reached 
by drugs circulating in the blood. But the nerve cells are 
peculiarly isolated from the blood stream. They are bathed 
by the fluid of the perineuronic lymph spaces, which in its 
turn communicates directly with that of the perivascular spaces 
and with the main body of the cerebrospinal fluid. The epi- 
thelium of the blood vessels and that covering the choroid 
plexus exerts a peculiar selective action which prevents toxic 
substances passing out of the blood stream and injuring the 
delicate nervous elements. Unfortunately this selective and 
protective mechanism proves the greatest obstacle to the thera- 
peutist, for it frustrates all his efforts to reach the nervous 
tissue from the blood stream. As a matter of fact even in 
cases of salvarsan poisoning only the most infinitesimal quan- 
tities of arsenic have been found in the cerebrospinal fluid. 

In order to overcome this difficulty Swift and Ellis devised 
the method which is known by their name, the object of which 
is to circumvent the obstacle presented by the choroid plexus 
by introducing the drug directly into the subarachnoid space. 
It -was considered undesirable to inject the drug in the pure 
form into the lumbar sac, as the results of some French in- 
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vestigators along this line had not been encouraging. It was 
therefore decided to give the drug intravenously, and after a 
certain interval had elapsed to withdraw the serum thus sal- 
varsanized and use it for lumbar injection. The advantage of 
this method is that the serum withdrawn contains many anti- 
bodies which may have been produced by the body in response 
to the action of the salvarsan on the spirochetes. Its disad- 
vantage is that it is impossible to be certain how much salvarsan 
is being injected intraspinally. 

The details of the method are as follows. The patient is 
given an intravenous injection of 0.5 or 0.6 gm. of salvarsan, 
or a corresponding quantity of neosalvarsan or diarsenol. In 
an hour's time 6 oz. of blood are withdrawn. Swift and Ellis 
concluded from their experimental work that an hour was the 
interval which provided the greatest concentration of antibodies 
in the blood. The blood is allowed to stand overnight and 
clot. The serum is separated and centrifuged thoroughly until 
it is absolutely clear from .red corpuscles. This is of great 
importance, as the presence of haemoglobin in the injected 
serum may produce a violent reaction. The serum is care- 
fully pipetted off, placed in a water bath at 56 C. for half an 
hour, and is then ready for injection. Swift and Ellis recom- 
mend that it should be diluted with twice the quantity of saline 
solution, but I have not found this of any advantage. They 
diluted 10 c.c. of serum with 20 c.c. of normal saline, but 20 c.c. 
of pure serum may be used without producing an undue re- 
action. Should the patient be specially sensitive to the action 
of the drug, 15 c.c. of serum may be diluted with 15 c.c. of 
saline. Lumbar puncture is now performed, and a quantity 
of fluid larger than the amount of serum to be injected is 
drawn off. The serum is warmed to body temperature, and 
allowed to run into the subarachnoid space by gravity exactly 
as in the administration of antimeningitic serum. During 
the operation the patient should be in the recumbent posture, 
and when it is over the foot of the bed should be raised on 
blocks so as to encourage the flow of serum. 

The obvious objection to the Swift-Ellis method is that an 
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unknown amount of arsenic is being injected into the spinal 
canal. This objection, however, is probably more apparent 
than real, for the results suggest that very much the same 
quantity of the drug is used each time. A more serious ob- 
jection is that the patient cannot have an intraspinal dose unless 
he first receives an intravenous injection. In cases where in- 
tensive treatment is being used it may be possible to give in- 
jections at more frequent intervals by the intraspinal than by 
the intravenous route. 

Ogilvie accordingly introduced a modification of the treat- 
ment, by which Jthe salvarsan is added to the. serum outside 
instead of inside the body. Blood is withdrawn from a vein 
as before and the serum separated. To 10 c.c. of serum is 
added from 0.25 mg. to 0.5 mg. of salvarsan, which has been 
dissolved in a small quantity of distilled water and neutralized. 
The serum is inactivated for half an hour at 56 C, and is ad- 
ministered in the usual way. Salvarsan should also be given 
intravenously every ten days or two weeks. From the point 
of view of convenience in private work when there are only 
one or two cases to treat the Swift-Ellis method is the most 
satisfactory. In a hospital clinic, however, in which there 
may be a dozen or more cases the Ogilvie method is very 
convenient, for the salvarsanized serum can be made up in 
bulk and given rapidly. As regards results statistics up to 
the present do not show any striking differences. Byrnes 
of the Johns Hopkins Hospital has introduced still another 
method, in which he substitutes mercury for salvarsan. It 
has the great advantage of cheapness. When an inorganic 
salt of mercury comes in contact with albumen, an albuminate 
of mercury is formed. This albuminate is insoluble in small 
quantities of serum, but soluble in excess. It was found that 
6 c.c. of serum would hold 0.02 gm. in solution. A safe 
dose for intraspinous injection is 0.0013 grm. which is dis- 
solved in the patient's own serum. Enough blood is with- 
drawn to yield 15 c.c. of serum, and the serum removed by 
centrifuging in the usual way. In 1 c.c. of distilled water 
is di550lved 0.0013 grm. mercuric chloride, and the whole 
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added to 12 c.c. of serum, which is heated at 56 " C. for half 
an hour. The mercurialized serum is injected into the spinal 
canal just as before. 

All of the above are intraspinal methods. It has already 
been pointed out, however, that although the flow of fluid is 
from the spinal canal to the base of the brain it is also from 
the cortex to the base. Little flow apparently takes place 
from below to above the tentorium. As the chief seat of the 
disease in paresis is the cerebral cortex various methods have 
been devised for bringing the drug into mare direct relation 
with the cortex. Ballance, after making a trephine opening, 
has punctured the corpus callosum and injected the salvar- 
sanized serum directly into the lateral ventricle. Wardner, 
on the other hand, makes a small opening into the cerebral 
subarachnoid space, withdraws 30 c.c. of cerebrospinal fluid, 
and then injects the salvarsanized serum. On theoretical 
grounds this would seem to be the most promising method. 
As for results, time must be allowed to tell its tale. 

If the intraventricular method should come into vogue it 
will afford an excellent opportunity for comparing the com- 
position of the ventricular and the spinal fluids. A few ob- 
servations have already been made along this line, and it has 
been found that the spinal fluid contains more cells and globulin 
than the ventricular. Indeed these tests may be positive in 
the former but negative in the latter. The Wassermann and 
colloidal gold reactions may be very weak in the ventricular 
but quite intense in the spinal fluids. Further observations 
on differences in the two fluids occurring in various forms 
of disease are greatly to be desired. 

In judging the effects of treatment upon a case of neuro- 
syphilis attention must be paid (1) to the clinical condition 
of the patient and (2) to the pathological changes in the spinal 
fluid. It is important to bear in mind, however, that spontane- 
ous remissions may occur in the clinical course both of tabes 
and paresis. It is well known that a case of paresis may 
occasionally show an extraordinary temporary improvement 
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in his mental and physical condition. Such remissions may 
last from several months to a year. Similar inexplicable 
periods of improvement may also occur in tabes. If the spinal 
fluid be examined during these intervals it will never be found 
to have returned to normal. Mitchell, Darling, and New- 
comb, however, found from repeated observations on selected 
cases that the cell count may fluctuate to a remarkable degree. 
In several of their untreated cases of paresis the cell count 
varied on different occasions from I to over ioo. These 
various facts must be borne in mind in forming a critical 
judgment of the effects of treatment in neuro-syphilis, for 
sometimes the spontaneous improvement both clinical and 
cytological would deceive the very elect. 

Even when the subject is approached in this critical mood, 
however, the results of the new methods of treatment are in 

m 

many cases calculated to make the most skeptical enthusiastic. 
The results in cerebrospinal or interstitial syphilis are brilliant, 
as was to be expected. Walker records a case of syphilitic 
meningitis in which the cell count dropped from 9,800 to 126 
after three intraspinal injections. In the early stages of cere- 
brospinal syphilis it may appear hardly necessary to resort to 
intraspinal medication, for by intravenous treatment alone the 
symptoms may be completely relieved, the cell count return to 
normal, and the Wassermann reaction no longer be obtained 
even with 1 c.c. of fluid. It is always wise, however, to give 
a few intraspinal injections. Chronic and long standing cases 
may show some symptomatic improvement with intravenous 
treatment, but the spinal fluid is not affected until the in- 
travenous are combined with intraspinal injections. The cell 
count is the first of the pathological conditions to be affected, 
and it can be watched dropping week by week until it reaches 
normal. As Walker has pointed out, it is the endothelial cells 
which are the first to go, followed, at a short interval, by 
the small lymphocytes. The globulin is more difficult to in- 
fluence. After repeated injections, however, it also can usually 
be reduced to normal. The Wassermann is the most obsti- 
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nate of the changes. In some cases it will be found impossible 
to abolish it. As a rule, however, treatment will result in a 
fluid which will give a negative reaction with I c.c. 

But it is with regard to its success in the parenchymatous 
forms of neuro-syphilis that any new treatment must stand 
or fall. What hope has the new therapy to offer to the vic- 
tims of paresis and tabes? Not a certainty of cure. That 
was hardly to be hoped for, and certainly never claimed. But 
at least the strong probability that the symptoms will be to 
some extent alleviated, the course of the disease stayed, and 
the possibility that in favorable cases an actual cure may be 
achieved. And can more than this be done in diseases of the 
heart, kidney or pancreas? Once the parenchymatous tissue 
of an organ has been replaced by interstitial tissue no power 
on earth can make that organ normal again. If, however, the 
injurious agent be removed or destroyed further downward 
progress may be arrested. 

No one who has looked at the brain of an advanced paretic 
or at the posterior columns of a tabetic cord will expect patients 
suffering from these diseases to be restored to a normal condi- 
tion. Everything depends on the stage of the disease at which 
treatment is commenced. As Cotton remarks, the varying 
results obtained by those practicing the treatment depend 
rather on the stage of the disease than on the modification 
of treatment used. Cases seen in private or in a neurological 
clinic will naturally give very different results from inmates of 
asylums who are passing into a state of dementia. 

The question of the very earliest diagnosis of paresis and 
tabes is therefore of incalculable importance, for it is in the 
very early stage that there is a chance of completely arresting 
the course of the disease and restoring the patient to health. 
The results have been most satisfactory in tabes, considerably 
less so in paresis. Even in the latter, however, astonishing 
improvement sometimes results. Thus Cotton records the case 
of a German woman suffering from paresis who was admitted 
to the asylum in a state of acute excitement. The four re- 
actions of Nonne were positive. On admission she was un- 
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able to speak a word of English. After a course of intra- 
spinal treatment she made a good recovery, learned English, 
and when she was discharged she was able to converse fluently 
in that language. 

Tabetics may confidentially expect to receive very great 
symptomatic relief. The severe pains which are so distress- 
ing a feature of the disease are usually relieved in a remark- 
able degree and often completely abolished. The gastric 
crises, attacks of giddiness, headaches, bladder disorders and 
other troubles are often greatly improved. Even the ataxia 
may become considerably less. 

The spinal fluid is more resistent to treatment than in the 
case of cerebrospinal syphilis, but if the treatment be per- 
sisted in it will ultimately respond. In early cases the cell 
count and globulin can be reduced to normal, and in some in- 
stances the Wassermann reaction may become negative with 
1 c.c. Cases of longer standing will cause more trouble, and 
it may be impossible to abolish the positive Wassermann. 
Usually, however, it can be greatly diminished in intensity. 
The cases which respond best to treatment are those in which 
the cell count is highest, indicating probably that a marked 
meningeal element is present. In such cases the rapid fall in 
the number of cells is generally accompanied by a correspond- 
ing improvement in the clinical condition. 

It is in paresis, as was to be expected, that the greatest 
difficulties are experienced. Nothing can be hoped for in 
advanced cases. It is to the early cases — indeed the very 
earliest possible cases — that we must look if we wish to stay 
the course of the disease. In these cases results have already 
been obtain which indicate that the future of the paretic is 
not now as hopeless as it has been in the past. And even in 
cases which have passed this earliest stage a long series of 
injections should certainly be tried, for both the mental and 
physical condition may occasionally show astonishing improve- 
ment. The tremors may disappear, the handwriting may 
change from an illegible scrawl to an example of good pen- 
manship, and the mental improvement may be so great that 
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the patient is able to return to his home life, and perhaps even 
resume his civil occupation. In short, the combined intra- 
spinal and intravenous salvarsan treatment has accomplished 
for general paresis what no other form of treatment has ever 
done before. It is, however, very necessary still to preserve 
a critical attitude towards the whole matter, for the introduc- 
tion of any new therapeutic measure has always been followed 
by reports of many successful cases. It is only later that 
we hear of the failures. 

It is difficult to say how long the treatment should be con- 
tinued. Everything depends on the individual case, the im- 
provement in the clinical condition, and the response of the 
spinal fluid. Just as a physician nowadays should not feel 
satisfied with his treatment of a case of diabetes until he gets 
the urine completely sugar free, so in the treatment of neuro- 
syphilis it should be the ambition of the doctor to get the 
cerebrospinal fluid cell free, globulin free, and if possible with 
a negative Wassermann. 

Occasionally it may happen that treatment is too energetic 
and intense, with the result that a meningeal reaction is pro- 
duced. The patient develops severe headache and other signs 
of meningitis, and the spinal fluid shows a very marked pleo- 
cytosis, most of the cells being polymorphs. These changes, 
however, are only transient and are merely an indication that 
the treatment must be pursued with less energy. 

TETANUS 

There is still no specific curative treatment for tetanus. 
All that we can do is to try to control the convulsions, and 
tide the patient over the immediate danger of respiratory 
paralysis. For this purpose our most efficient remedy is the 
intraspinal injection of magnesium sulphate. A 25 per cent, 
solution of magnesium sulphate is prepared and warmed to 
body temperature. Of this solution 1 c.c. is used for every 
20 lbs. of body weight. The patient is put under a general 
anaesthetic and a quantity of cerebrospinal fluid withdrawn 
equal in bulk to the amount of solution which it is intended 
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to inject. Relief, evidenced by complete relaxation which 
may last for 24 hours, is often obtained at once, owing to the 
depressant action of the magnesium sulphate on the lower 
motor centers in the cord. If the symptoms recur a second 
but smaller dose should be given, 0.8 c.c. for every 20 lbs. 
The chief danger is respiratory paralysis. If this occurs a 
large quantity of cerebrospinal fluid should at once be with- 
drawn, and the subarachnoid sac washed out with normal 
saline, the head being kept well elevated. 

It will be seen that at present the therapeutics of the cerebro- 
spinal fluid fall under two headings : ( 1 ) drainage of the fluid 
and (2) injection of certain sera and drugs. Excellent re- 
sults have been obtained in certain conditions and the outlook 
is very bright. The method of intraspinal injection in par- 
ticular is capable of great expansion, and the therapeutic pos- 
sibilities are extremely encouraging. Before the full benefits 
of this measure can be reaped, however, it is necessary that 
our knowledge of the origin and destination, the ebb and flow, 
the streams and channels, and the course of circulation of the 
fluid should be still more extended and systematized. 
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